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SMALL   MACHINES. 


RAMMERS   AND    MOLDING    MACHINES. 


PNEUMATIC   RAMMERS. 

1.  Rammers  for  Light  "Work. — A  form  of  pneu- 
matic rammer  for  light  work  is  shown  in  Fig.  1  (a),  which 
is  operated  by  air  under  a  pressure  of  from  40  to  90  pounds 
per  square  inch.  It  consists  of  a  cylinder  a  supported  at  the 
middle  on  trunnions  b,  b  that  have  their  bearings  in  a  frame  c. 
This  form  is  provided  with  two  rammers  d  and  ^,  one  at  each 
end /"and  g  of  the  piston  rods,  which  extend  beyond  the  ends 
of  the  cylinder.  One  of  the  rammers  is  a  peen  d  and  the 
other  e  a  butt  rammer.  Either  of  these  may  be  used  at  will 
by  swinging  the  cylinder  on  its  trunnions  so  that  the  desired 
one  stands  downwards.  The  stroke  of  the  piston  is  regu- 
lated by  an  ingeniously  constructed  automatic  reversing 
valve.  The  air  is  supplied  through  a  hose  //.  A  wire  rope  2, 
which  passes  over  a  pulley  and  carries  a  counterweight,  is 
attached  to  an  eyebolt/  in  the  top  of  the  machine. 

A  pneumatic  rammer  strikes  from  200  to  300  blows  per 
minute  and  requires  one  man  to  operate  it.  It  is  equally 
economical  and  applicable  for  green-sand,  loam,  floor,  or 
machine  work.  It  strikes  with  uniform  pressure,  and  hence 
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the  ramming  can  be  done  more  evenly  and  far  better  than 
by  hand.  In  Fig.  1  (/>)  is  shown  a  portable  form  of  pneu- 
matic rammer  that  is  held  by  handles  attached  to  the  cylin- 
der. This  form  has  only  one  rammer  a.  The  end  of  the 
piston  rod  is  constructed  in  such  a  manner  that  either  a 
peen  or  a  butt  rammer  may  be  attached  to  it.  The  flow  of 
air  is  controlled  by  a  valve  operated  by  a  small  trigger  in 
the  right-hand  handle. 

2.     Rammers  for    Heavy  Work. — In    Fig.    1    (c)    is 

shown  another  form  that  is  especially  serviceable  for  back- 
ing up  large  and  deep  molds,  which  ordinarily  takes  a  large 
gang  of  men  several  days  to  ram  them  in  the  old  way.  This 
rammer  is  attached  to  the  supporting  frame  a  by  means  of 
a  long  screw  b.  By  rotating  the  rammer  by  means  of  the 
handles  c,  c,  while  it  is  operating,  it  is  lowered  or  raised  as 
required  to  allow  the  tamping  plate  d  to  reach  the  sand  in 
the  molds.  The  screw  is  hollow  and  serves  to  conduct  the 
air  to  the  cylinder  from  the  hose  that  is  attached  by  means 
of  a  swivel  coupling  e.  The  hook  /"serves  to  attach  the 
rammer  to  a  hoist  on  the  trolley  of  a  jib  crane  or  some  simi- 
lar support  that  will  permit  the  rammer  to  be  easily  shifted 
over  the  surface  of  the  mold.  A  mold  occupying  a  pit 
30  feet  long,  14  feet  wide,  and  8  feet  deep  requires,  accord- 
ing to  regular  practice,  about  25  men  3  days  to  ram  up  the 
sand  back  of  the  mold  ready  for  casting.  With  two  ram- 
ming machines  of  the  form  shown  in  Fig.  1  (<:),  12  men 
can  fill  and  ram  it  in  1  day. 


MOLDING   MACHINES. 

3.  The  principal  mechanical  operations  in  molding  con- 
sist of  filling  the  flasks  with  sand,  ramming,  and  withdraw- 
ing the  pattern.  The  filling  is  usually  done  by  hand  or  with 
the  aid  of  overhead  conveyers.  Molding  machines  perform 
mechanically  a  limited  number  of  the  operations  that  are 
necessary  to  produce  a  complete  mold.  In  some  machines 
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A  simple  form  of  machine  for  pressing  tin-  molds  is  shown 
in  Fig.  2,  in  which  the  mechanism  is  all  above  the  flask  and 
the  sand,  and  hence  the  work- 
ing parts  of  the  machine  receive 
no  injury  from  this  source. 
The  sand  is  pressed  into  the 
flask  a  by  a  presser  head  £, 
which  is  lowered  on  top  of  the 
follow  board  c  by  means  of  the 
hand  lever  dand  a  geared  eccen- 
tric and  toggle-joint  in  the 
case  e.  The  machine  is  fastened 
to  a  post  /  by  means  of  a  bolt 
that  passes  through  a  slot  g, 
thus  making  provision  for  a 
vertical  adjustment  over  the 
table  //.  A  counterweight  i 
automatically  lifts  the  presser 
head  when  the  hand  is  removed 
from  the  lever.  The  portable 
form  of  this  machine  is  placed 
on  a  truck.  FIG.  2. 

5.  Another  style  of  machine  for  pressing  the  molds  is 
shown  in  Fig.  3,  and  consists  of  a  frame  with  a  table  a  to 
support  the  flask,  and  a  lever  b  by  means  of  which  the  plate  c 
is  lowered  on  the  surface  of  the  molding  sand,  pressing  it  into 
the  flask.  The  illustration  shows  the  sand  being  pressed 
into  the  drag  d,  which  is  placed  over  the  patterns  on  a  match 
board  e  on  the  table  a  of  the  machine.  After  pressing  the 
sand  in  the  drag,  the  presser  head  c  is  thrown  back,  the 
mold  turned  over,  the  match  board  removed,  parting  sand 
applied,  and  the  cope  g  placed  over  the  drag  d.  The  sand  is 
then  pressed  in  the  cope  in  the  same  manner  as  described 
for  the  drag.  The  presser  head  is  then  thrown  back  out  of 
the  way,  the  sprue  is  cut,  and  the  pattern  wrapped  by  stri- 
king against  a  pin  that  is  held  in  the  left  hand  so  as  to  stand 
in  the  sprue  with  the  lower  end  in  contact  with  the  pattern ; 
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6.  Another  form  of  mold  presser  is  shown  in  Fig.  4. 
In  the  machines  illustrated  in  Figs.  2  and  3  the  presser  head 
is  lowered  on  the  sand,  while  in  the  machine  illustrated  in 
Fig.  4  the  sand  is  compressed  in  the  flask  between  the 
presser  head  a  and  the  table  b  by  the  vertical  movement  of 
the  table ;  this  operation  is  performed  by  means  of  the  lever  c 
turning  the  shaft  that  carries  the  eccentrics  d,  d  and  thus 
lifts  the  rods  e,  ^that  support  the  table  b.  The  height  of  the 


FIG.  4. 

presser  head  is  adjusted  by  means  of  the  thread  and  nuts  on 
the  upper  ends  of  the  side  rods/,/.  The  stops  g,  g  deter- 
mine the  position  of  the  side  rods //to  bring  the  presser 
head  over  the  mold,  and  the  stops  //,  //  support  the  rods 
when  the  presser  head  a  is  thrown  back  so  that  the  mold 
can  be  opened.  Two  brackets  z,  i  support  a  shelf  at  the  rear 
of  the  table  b  for  holding  the  cope/ when  the  mold  is  opened 
to  remove  the  pattern,  as  shown  in  the  illustration;  the 
presser  head  a  moves  back  far  enough  to  give  ample  room 
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£e wise  on  the  table  bark  of  the  dr. 
The  :i  the  mold  shown  is  for  a  gas  burn. 

7.      C«p«Citj    <>l   . i   Molding    M.ichiiie.  — The  cap.; 

of  a  machine  depends  on  the   size   of   the  fla  the 

amount  of  sand  to  be  handled,  the  condition  and  i: 
of  the  patterns,  the  e.v  quired  to  operate  tin-  mat  -him-. 

'•>ich  the  finished  molds  must  be-  carried. 
With  >:  hincs  and  no  mold  O 

considerable  time  an<  -  consumed  in  placing  the  fin- 

ished   flasks   on  the   molding   floor.     Assuming    that    < -a<  h 

X  14"  flasks  and  places  them  in 

four  parallel  rows  with  a  space  of  :5  inches  between  them, 
with  5  feet  between  the  machine  and  the  .  tin- 

ill  be  located  about  76  feet   from  the  machine. 
This  will  necessitate  the  each   Mask  an  average 

of  about  40  feet,  or  the  total  travel  is  equal  to  carrying  a 
single  flask  over  a  distance  of  8,000  feet. 

s.       I'm  t;ihlc   Molding    M;icliiiic«t.       I        >t    thecondi 

as  it  is  easily  mo-.  <>!<lm^  r 

le  machi  e  grooved  wheels,  which  allow 

them  to  be  run  on  •  .id  on  the  fni:  :  lie  mold- 

ing sand  for  portable-machine  work  i-  piled  up  in  1" 

nesideot  -r  between  th-  th«-ma«i 

and  the  bottom  1  id  the  empi  nged 

on  the  other  side.     The  molding  operation  e.imn 
one  end  of  the  floor;  the  finished  n  . -d  win M 

l.  heap  was  located  at  the  1"  -per- 

I,  where  it   v. 

able  when  the  shape  of  the  pa:  that 

the  whole  mold  cannot  be  made-  ne.      In  su«  h 

cases  two  machines  are  used:  with  one 

with  the  other,  the  w  »rk  1  - 

operators.    'I  M  the  In- 

board upon  the  molding  flo.ir.  where 
if  necesv  the  second  operator  follows  with  the  cope 
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and  closes  the  mold.     This  method  generally  requires  about 
double  the  amount  of  labor  for  handling  the  molds. 

9.  Machines  for  Drawing  Patterns.  —  Some 
founders  consider  the  withdrawal  of  the  patterns  from  the 
sand  one  of  the  expensive  molding  operations,  as  it  requires 
considerable  time,  and  often,  by  the  ordinary  methods,  both 
the  pattern  and  the  mold  are  injured.  Machines  have 
therefore  been  made  for  the  purpose  of  handling  the  pat- 
terns more  economically  than  can  be  done  by  hand. 

A  machine  for  withdrawing  the  patterns  from  the  molds 
mechanically  by  means  of  a  vacuum  cup  is  shown  in  Fig.  5. 
A  frame  hinged  to  a  post 
at  a,  a  carries  a  metal  tube 
with  a  rubber  cup-shaped 
suction  disk  c  at  its  lower 
end.  The  tube  is  supported 
by  means  of  a  cord  ^passing 
over  a  pulley  e  in  the  upper 
arm  b  and  attached  to  a 
counterweight/.  A  rubber 
tube  g  connects  the  upper 
end  of  the  vertical  metal 
tube,  attached  to  the  disk*:, 
to  a  vacuum  pump.  The 
method  of  operation  consists 
in  bringing  the  disk  c  into 
contact  with  the  pattern  in 
the  flask  h  by  means  of  the 
hand  lever  i.  The  patterns 
are  usually  attached  to  a 
mold  board  k  unless  they 
have  sufficiently  large  flat 
surfaces  to  which  the  suc- 
tion disk  may  be  attached.  / 
A  vacuum  is  established  in 
the  cup  c  by  operating  either 
of  the  foot-levers  j.  The 
lever  may  operate  a  foot-power  vacuum  pump,  or  the 
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machine  may  he  arranged  so  that   conne  made  by 

re  to  a  power-operated  pump.     Whei, 

;   the  pattern    is   lifted    vertically  frmn 
•  preen  the  disk  and  the 
A  ill  draw  deep  patterns  as  qir 

as  shallow  ones,  and  the  drawing  operation  is  mm 

M)ine  of  the  disadvantages  experi- 

enced when   :  'hdrawn  from  the 

sand  use  of  na:U  and  gaggers  and  the  nect 

of  much  swabbing  and  patching  of  the  mold. 


|O.      *MI  i|»|»inii-IM;Mc      Mohlinu     Machine.       In     tliis 

patterns  are  withdrawn  mechanically 

;.m^  them   thmugh  a  plate  having   openings  that 


no.  6. 

exactly  conform  to  the  outline  of  the  patterns  llus- 

•f  molding  machines  equipped  with  strip;,' 

4.   7  (n)  and  i 
the  patterns  *  in  the  stripping  plated, 

tig   plate  for  the  cop« 

>  the  stripping  p  the  drag.     Details  of  the 

.:  ;.     The  patterns  are  drawn 

i  the  sand  L-  ppin^  pi  ad  C  with 

the  mold  fmm  the  patterns  that  r«-  the  ma«  him- 

Ubles.  •      '    -    to   win-  are 
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fastened  on  the  machine  tables,  and  also  the  flasks,  have 
irregular  parting  lines  to  fit  the  curved  stripping  plates. 
The  pattern  plates  in  these  machines  rest  firmly  on  and  are 


attached  to  the  stationary  part  of  the  frame  of  the  machine, 
and  the  stripping  plates  b  and  r,  shown  in  Fig.  6,  rest  on 
the  pattern  plates,  and  are  raised  by  means  of  four  legs  d 
that  rest  on  the  lifting  table  e\  the  table  e  is  raised  by  means 
of  a  lever/.  Owing  to  the  fact  that  some  parts  of  the  pat- 
terns extend  a  considerable  distance  above  the  parting  line, 
it  is  not  possible  to  obtain  a  solid  mold  by  pressing  the  sand 


PIG.  8. 


with  a  flat  surface.  On  this  account  especially  shaped 
presser  heads  e,  Fig.  8,  are  used  to  press  the  sand  between 
the  patterns  in  the  cope  /  and  drag  g,  as  shown  in  (a)  and  (c). 
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11  the  patterns  and  i: 

•    i    parts  ol 

••HUT.  the  pi  t  are 

k  struck  otf.  and  the  liftii  ..\vn 

h  lil't    ti.  tea  h  and  c  and 

•wn  a  tin- 
irf^'  before  ci 

Pig.  8  I 
:  //  that  is  inserted  in  lheo>{>e  p..rti<»n  nf  the  Mask  l>< 

.    ilu- 
in   tlu-   in-'lii.  A  11   in    V\g.   8  (b),  and 
liolils  the  in..;                                   ;  tin-  pressure  <•('  the  fluid  in.n. 

11.       Mohlin-     Machine    \VillHiiK    Snippier    |>|atc. 

.    1ml    without   a   strip: 


•1  (/')•      The  half 

'•'ted   by  the 

gate  as  they  come  from  the  m«.ld  in  Fig.  '.i  (,-),  are  shown  on 
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the  pattern  plate  b,  which  is  fasu-nt-d  to  the  table  of  the 
machine.  In  this  case,  the  impressions  made  in  the  sand  of 
the  cope  and  the  drag  are  alike.  In  order  that  the  two 
parts  of  the  mold  may  fit  accurately  together,  it  is  necr- 
that  the  patterns  be  so  arranged  on  tin-  pattern  board  that 
the  distances  a,  a'  from  the  edges  of  the  pattern  to  the  ends 
of  the  flask,  shown  in  Fig.  9  (d],  be  the  same.  When  the 
two  parts  of  the  pattern  are  very  unlike,  or  when  it  is  neces- 
sary to  pour  the  mold  with  a  certain  side  up.  two  machines 
are  used,  one  having  the  patterns  for  the  cope,  and  the 
other  those  for  the  drag.  In  Fig.  9  (/>)  is  shown  the  cope  c 
after  having  been  pressed  with  the  presser  head  </,  the  under 
side  of  which  conforms  to  the  shape  of  the  patterns,  and 
leaves  the  extra  sand  e  on  top  of  the  cope.  This  gives 
approximately  the  same  depth  of  sand  at  all  points  of  the 
mold  and  so  insures  even  ramming.  The  conforming 
presser  head  is  used  in  the  case  of  deep  patterns.  Before 
filling  the  flask  with  sand,  a  sand  frame  //,  shown  in  Fig.  9  (a), 
is  placed  on  top  of  the  flask,  which  increases  the  depth  of 
the  flask  enough  to  hold  the  additional  sand  necessary  to 
fill  the  flask  when  the  bottom  board  and  presser  head  are 
forced  in.  The  extra  sand  e  is  struck  off  before  the  flask  is 
lifted  from  the  machine.  The  flask  is  lifted  from  the  pat- 
terns by  means  of  four  pins  /",  one  at  each  corner  of  the 
pattern  plate,  whose  lower  ends  rest  on  the  lifting  table  g. 
The  pins  move  vertically  through  sleeves  in  the  pattern 
plate  b,  and  lift  the  flask  from  the  patterns  when  the  lifting 
lever  i  is  raised,  as  shown  in  Fig.  9  (a). 

If  the  patterns  require  jarring  when  the  flask  is  being 
lifted,  the  pattern  plate  is  lifted  with  a  projection  at  the 
right-hand  corner,  and  this  is  rapped  by  a  bar  held  in  the 
right  hand  of  the  operator,  while  he  lifts  the  lever  i  with  his 
left  hand. 

12.  Pneumatic-Power  Molding  Machine.  —  Sev- 
eral forms  of  mold-press  machines  are  arranged  to  operate 
by  means  of  compressed  air,  one  of  which  is  shown  in 
Figs.  10  and  11.  In  this  machine  the  table  a  is  attached  to 
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a  cylinder  £  that  slides  over  plunger  <-.     The 

A  moves  upwards  \v  n    is  ad: 

the  cylin  -md  in  the  '!•  \veen  the 

:       In  the  illustrations,  the  pi- 
\vn  tilted  hack  t«»  enable  the  Mask   to  be  put    in 
position  or  remo\  e  of  about  75  pounds 


Flo.  10. 

per  square  inch  is  used.     Th<  nd  gated  pat- 
terns are  made  available  for  use  on  tl. 

ing  them  to   a  MM  me  is 

shown  in  detail  •<  ed   between 

the  match  g  a  in.  while  making 

the  d               1  between  the  cope  /  h«.\\n  in 
11.  while  making  the  cope.     The  vibratory,  win 
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attached  to  the  corner  of  the  frame,  as  shown  in  I-'i-v  10 
and  12,  consists  of  a  small  valveless  plunger  arranged  to 
vibrate  back  and  forth  between  two  hardened  anvils  in  a 
cylinder.  When  compressed  air  is  supplied  to  the  vibrator 
by  means  of  the  hose  £,  Figs.  10  and  11,  its  action  sets  up  a 
sharp  tremor  in  the  frame  and  the  patterns  attached  to  it, 


FIG.  11. 

and  the  patterns  are  lifted  from  the  sand  without  hand 
rapping.  To  operate  the  machine,  the  match  g  with  the 
vibrator  frame  /and  patterns  are  laid  on  the  machine  table  a. 
The  drag/2  is  placed  in  position,  filled  with  sand  and  pressed. 
To  press  the  sand,  the  presser  board  /  is  placed  on  the  drag, 
the  presser  head  e  is  swung  over  the  table,  and  the  air 
admitted  to  the  cylinder  by  means  of  the  three-way  cock  ;;/. 
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•    ramming   the    mold,  the  air  is   exhausted   t'n-m  the 
ider  and  the  table  lowers  by  gravity;  the  presser 
ished  back  and  ti  and  drag  rolled  over  on  the 

by    hand    in   the   usual  way;    the   match    is   removed, 


parting  sand  applx  <1  t«»  tl  tin-  in«»ld  in  tin-  drag,  and 

the  «  '  '      •    .    •    '         And  and    |i; 

iti  the  s.r 

illy  used,  though  ^ugrablc 


j  48  MACHINE   MOLDING.  17 

iron  flasks  can  be  adapted  to  the  machine.  In  order  that 
the  different  parts  of  the  flask  and  the  vibrator  frame  may 
come  together  accurately  in  forming  the  mold,  special 
V-shaped  pins  ;/  and  o,  shown  in  Fig.  12,  are  used.  The 
drag  pins  n  slide  over  the  vibrator  frame  pins  0,  and  enter 
the  sockets  /  of  the  cope.  After  ramming  the  cope,  the 
presser  head  is  thrown  back  and  the  flask  left  in  position  f<»r 
the  cope  to  be  removed.  The  sprue  is  cut  either  by  hand 
in  the  usual  way,  or  in  some  cases  automatically  by  means 
of  sprue  cutters  attached  to  the  presser  head.  A  lever  q 
under  the  edge  of  the  table  a  admits  air  to  the  vibrator. 
When  the  operator  grasps  the  cope  with  his  hands,  he  presses 
the  lever  q  with  his  left  knee  and  the  cope  is  lifted  while  the 
vibrator  is  running;  the  vibrator  is  also  operated  while  the 
frame  is  being  lifted  off,  the  lifting  being  done  by  means  of 
its  two  handles  r,  r.  The  patterns  are  guided  vertically 
from  the  sand  by  means  of  the  V-shaped  pins  o,  attached  to 
the  frame  shown  in  Fig.  12,  and  can  be  easily  and  accurately 
replaced  in  the  mold  if  necessary.  The  prints  in  the  mold 
made  by  the  bars  s,  s,  etc.,  which  are  used  to  attach  the 
patterns  /  to  the  frame,  as  shown  in  Fig.  12,  must  be  filled 
with  sand  before  the  flask  is  closed  and  poured,  unless  they 
are  used  as  core  prints  and  closed  by  the  cores. 

13.  Automatic  Molding  Machine. — In  Fig.  13  is 
shown  an  automatic  molding  machine  designed  to  perform 
mechanically  the  various  operations  in  making  molds  by 
means  of  flasks  and  match  boards.  The  machine  is  operated 
by  means  of  a  counterbalanced  hand  lever  a  that  lifts  the 
table  b,  with  the  flask  c  lying  on  it,  against  the  presser 
head,  thus  pressing  the  sand  into  the  flask.  The  machine 
has  a  turret  top,  composed  of  three  parts,  which  revolves  on 
a  shaft  d  carried  by  the  side  rods  e,  e.  The  pattern  plate  / 
is  attached  to  a  system  of  levers  so  that  it  can  be  moved 
horizontally  and  held  either  in  the  flask  centrally  over  the 
table,  as  shown  in  (b),  (d],  and  (e),  or  to  the  rear  of  the 
flask.  The  flasks  are  either  of  wood  or  iron,  and  are  made 
with  solid  corners.  They  are  made  tapering  so  as  to  be 
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easily  lifted  from  the  molds,  and  have  movable  ribs  for  hold- 
ing the  sand  in  the  mold.  The  ribs  are  withdrawn  Hush 
inside  the  flask,  and  at  the  same  time  the  two  parts  of  the 
flask  are  locked  together,  when  the  mold  is  completed  and 
ready  for  the  flask  to  be  removed.  The  flask  is  held  in  place 
on  the  machine  by  means  of  pins  g  engaging  a  frame  //.  The 
pattern  plate  f  is  clamped  to  a  frame  z,  as  shown  in  Fig.  II, 


and  is  supported  on  the  .nachine  by  means  of  the  trunnions/,/, 
as  shown  in  Fig.  13  (I))  and  Fig.  14.  To  operate  the  machine, 
the  frame  with  pattern  plate  is  placed  between  the  two  parts 
of  the  flask  on  the  table,  the  drag  k  being  on  top,  as  shown 
in  Fig.  13  (/;).  The  drag  is  filled  with  sand,  and  the  peen- 
ing  frame  /  on  the  turret  top  is  pressed  into  it.  The  flask  is 
lowered  and  the  surplus  sand  struck  off;  a  bottom  board  is 
placed  on,  and  the  flask  revolved  by  hand,  as  shown  in  (c). 
The  cope  is  then  filled  with  sand  and  the  cope  peening 
head  ;//  pressed  into  it;  the  surplus  sand  is  struck  off,  and 
the  presser  hexid  ;/  automatically  applied,  thus  pressing  both 
cope  and  drag  in  one  operation;  the  presser  head  enters  the 
top  of  the  cope  and  the  bottom  board  is  forced  into  the 
drag.  Sprue  cutters  may  be  attached  to  the  presser  board, 
or  flat  gates  o  can  be  placed  on  the  pattern,  just  before  the 
cope  is  filled  with  sand,  and  are  withdrawn  by  the  head 
automatically,  as  shown  in  (d\.  The  flask  is  then  separated 
as  shown  in  (c)  and  the  pattern  plate /passed  to  the  rear. 
In  (e)  the  operator  is  just  removing  the  pattern  board  from 
the  cope  to  pass  it  to  the  rear  of  the  mold.  The  two  halves 
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then   brought    together  and   the  hot 
boar-  'th  the  «  mold  /• 

.11  in  (/).     The  i  <  d  on  the  fl«> 

tlu- 

:>insh,  wooden   mallrt.  ami  other  nere- 
••f  parting  sand  «•:  Tin-  in. 

••  !o  run 


1    |.       Muldiiii:        M.  .chine        \\iilniiil 

Fig.  i'pi11^'!'1 


|>«T- 
•   t  hat 

sllnWU     r<|||ippr(l      Wit:  ll'lial 

• 

liinr 

are 

troll  •  he  cranl. 

the    :  •)    tin-    in  and 

rammed  up.  and  in  tli 

thr    ma-  Innr   shown  in   each 

case   are   drawn   downwards  from    the   sand    through   the 
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stripping  plates  b,  b  by  a  suitable  movement  of  the  crank  c. 
The  two  finished  halves  of  the  mold  are  then  lifted  from  the 
machines,  put  together,  and  placed  on  the  floor  ready  for 
pouring. 

Such  machines  are  made  in  a  great  variety  of  forms.  By 
applying  different  draw-plates  and  stripping  plates,  these 
machines  may  be  used  for  a  large  variety  of  work.  The 
machines  shown  in  the  illustration  are  portable,  being  moved 
either  by  hand  or  by  means  of  cranes. 

15.     Match     Plates     With     Movable      Patterns. 

There  is  a  class  of  patterns  having  projections  that  make 
their  withdrawal  from  the  sand,  impossible  without  extra 
operations.  This  form  of  casting  can  generally  be  made  in 
large  quantities  and  with  facility,  either  by  hand  in  the  usual 
way  or  on  a  molding  machine,  by  making  either  the  whole  or 
a  part  of  the  pattern  movable  on  a  match  plate.  An  exam- 
ple of  a  pattern  of  this  class  mounted  on  a  suitable  match 
board  is  shown  in  Fig.  16  (a),  and  the  casting  in  Fig.  16  (b). 


FIG.  16. 

It  is  impossible  to  withdraw  this  pattern  from  the  sand  if 
the  part  a  is  made  in  one  piece  with  the  standards  b,  b.  It 
may,  however,  be  molded  successfully  by  making  the  pattern 
for  the  standards  hollow  and  dividing  the  pin  a  in  the  middle 
of  its  length,  as  shown  in  Fig.  16  (a).  By  making  the  two 
parts  of  the  pin  movable,  they  can  be  pulled  backwards  into 
the  recesses  c,  c  by  means  of  the  rods  d,  d,  and  the  pattern 
easily  withdrawn  from  the  sand. 

A  stripping  plate  arranged' with  two  sets  of  movable  pat- 
terns for  sheaves  is  shown  in  Fig.  17.  This  method  is 
adapted  to  molding  circular  and  symmetrical  castings,  such 
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»,  etc.,  having  projecting 
;iy;  withdrawn  in  the  usual 
id      A   1 

\  /;.  and  :  on  the  stripping 

plat'  iat    thi'  diani'  \\ 'it  h 
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;ie   plate.      The   openings    in    the  stripping 
i  with  tin-  diame:  Mtlinc  of  the  pat- 

i   to  thr  platr  1»V   1 

iced  over  the  patterns  and  rannnrd 

up.  and  t  :thdra\vn  through  the  plate  by  turning 

the  '  n    tlu-  ends  of   the    rods.      Thr  illustration 

shows  one  set  c  of  thr  -hdrawn.      In  like  m.r 

thr   rop«  i    which    the  two  parts  of    the  ilask 
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and    th.  ,1.    in.  i1  .    l.oti,,m 

' 

.   with    \ 
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The  solid  part  of  the  pattern  is  recessed  into  the  match 
board  to  the  parting  line,  as  shown  at  h. 

In  making  the  mold,  the  complete  pattern  is  fitted  to  the 

match  board  I),  the  loose  pails  being  uppermost,  and  laid  on 
the  bottom  board  c,  as  shown.  The  e.ope  is  then  placed  over 
the  match  board  and  rammed  up,  turned  over,  and  the  match 
board  lifted  off,  leaving  the  pattern  in  the  cope;  parting 
sand  is  put  on  the  face  of  the  mold  in  the  cope,  and  the  drag 


(a) 

FIG.  18. 

put  on  and  rammed  up.  The  mold  is  reversed  and  the  cope 
with  the  detachable  prongs  e  of  the  pattern  lifted  off;  these 
prongs  are  then  picked  out  by  hand.  The  solid  part  of  the 
pattern  is  removed  from  the  drag,  the  two  parts  of  the 
mold  i  and  j  placed  together,  and  the  snap  flask  removed, 
as  shown  in  the  illustration.  The  molds  are  made  at  the 
rate  of  one  in  4  minutes  for  castings  weighing  about 
2£  pounds  each. 

1  7.  Match  Boards. — Match  boards  are  made  of  wood, 
plaster  of  Paris,  metal,  or  composition.  When  only  a  few 
castings  are  to  be  made,  the  molder  will  usually  make  the 
match  of  molding  sand.  Wooden  match  boards  are  often 
used,  but  they  are  expensive  when  the  joint  line  is  very 
irregular.  Plaster  of  Paris  is  a  material  that  is  easily  pre- 
pared and  molded  into  match  boards,  but  it  is  brittle  and 
easily  broken,  will  not  bend,  and  cannot  be  repaired.  Com- 
position boards  made  of  sand,  boiled  linseed  oil,  and  litharge 
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arc  the  cheapest  and  best.     They  are  hard,  tough,  and  elas- 
shrink,   sw<  .irk.   and   repairs  or 

i>  made  by 

tempering  ei1  d  with  boiled 

:1  ami  Hillary-  molding, 

as  found  by  experience.     Alter  molding  tli  >1,  it 

it   in  the  core  oven  w  hi  It- 
still 

three  tablespoonf uls  of  li;  oil,  tin- 

ing  i  ual  time  required  to  dry  a  n. 

board  1  int-li  thick  is  1 

IS.        I    \.irn, >lc    ..I     Multiple     Molding.-- Tin-     method 

of  molding  a  lock   tumbler,  shown  in   full  size  in    1 

illustrated    in    Fig 
The    tumbl  i  ^  li 

3J  pounds  per  hundred, 
and  ."•<;  an-  made  in  each 
mold.  The  molds  may 
be  rammed  by  hand  or 
pressed,  as  in  this  case, 

in  a  machine;  by  the  latter  method  the  complete  mold- 
be  made  at  the  rate  of  about  ••»<)  per  hour.     In   1 
is  shown  the  arrangement  of  the  l»ott«»m  board  </,  n 
board  b,  two  sets.  , .  and  drajj  '/.  n 

The  card  j  ide  of  brass,  and 

are  united  to  one  gate  runner 
shown  in  (a),  (r), 

I  7.     In  >\vn  tin- 

after  being  rammed  u;  turned 

the  bottom  and  m.iteh   1  >••  a rds  removed,  and  the  cope 
place.      I:  -\vn   the  cope  g  rammed   uj)  with   tin- 

sprues  h,  It  for  two  cards  of  patterns;  and  i  ilask 

opened   for  th»-   |Miij»oseof  drawing  the  card    j»ati 
these  being  <i  -m  the  dra^  tin-  pin- 

etc.,  shown  in  i  /i.      [n  (/)  il  shown  the  completed  mold  ..n 
the  bottom  board  ti,  with  the  snap  rady 

ng. 
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19.     Gear-Molding     Machine**.  —  Gear-molding     ma- 
chines are  used  to  make  the  molds  for  the  teeth  of  gears. 


FIG.  20. 


Fig.  21  shows  one  type  of  machine  for  this  purpose,  which 
is  suitable  for  gears  of  the  largest  diameters.     The  base  of 
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the  machine  rests  on  the  bottom  of  the  mold  and  supports 

!  column  </  in  the  center.      This  column  can-h- 
arm A,  which  revolves  on  the  column  </ ;  it  also  has  a  hori- 
zontal movement  and  adjustment  by  means  of  the  wheels 
and  a  rack,  and  carries  an  indexing  mechanism  at  one  end. 

•.lly  adjustable  arm  </  I  lower  end  • 

f  for  one  or  two  teeth  of  the  gear.     The  pattern  is 
lowered  to  the  required  position  for  making  the  mold,  and 


PlO.  «. 

the  length  of  the  revolving  arm  b  adjusted  to  give  the  diam- 
eter of  the  gear  desired.     The  sand  i  :  against  the 

face   of   the    pattern,  as   shown    at  f.      The    pattern    is    then 
withdrawn  vertically  from  the  mold,  and  the  arm  />  sup- 

neans  of  the  ind. 

.tniMn  the  e\  '  eth, 

and  the  pattern  lowered  and  the  ramming  process  repeated. 
The  ;  consists  ^i-ars  inter- 

posed between  the  shaft  g%  which   is  operated  by  a  crank 
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revolving  on  the  face  of  the  i'ndex  plate  //,  and  the  large  sta- 
tionary gear  attached  to  the  top  of  the  column  a.  \  worm 
in  the  casey  meshes  with  the  large  gear  and  carries  a  gear  on 
the  end  of  its  shaft  in  the  case  k,  which  receives  motion  from 
the  train  of  gears  extending  to  the  shaft  g.  The  arrange- 
ment is  such  that  by  revolving  the  shaft  g  by  means  of  the 
crank,  the  arms  /  and  b,  which  are  attached  together,  are 
revolved  on  the  column  a.  The  index  in  each  case  must  be 
set  to  divide  the  circumference  of  the  gear  into  the  number 
of  equal  parts  to  correspond  with  the  number  of  settings 
required.  The  arms,  ribs,  and  hubs  of  the  gears  are  made 
with  the  aid  of  special  patterns  and  placed  in  the  molds  after 
the  machine  has  been  removed. 

A  style  of  gear-molding  machine  suitable  for  smaller  gears 
is  shown  in  Fig.  22.  The  machine  is  mounted  on  a  bedplate, 
and  is  stationary.  It  consists  of  a  vertical  column  a  carrying 
a  revolving  arm  b  that  supports  the  pattern  c  for  one  or 


FIG.  22. 

more  teeth  of  the  gear.  The  mold  is  prepared  in  a  circular 
metal  flask  d  resting  on  a  revolving  table  c.  After  the  pat- 
tern c  has  been  placed  in  the  mold  and  rammed  up  and  with- 
drawn vertically,  either  by  means  of  the  slide/or  the  cranky, 
which  operates  a  rack  and  raises  or  lowers  the  column  #, 
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the  mold  is  revolved  the  exact  distance  necessary  to  form 
the  next  tooth  by  means  of  the  crank  //  of  an  indexing 
mechanism.  The  crank  //  is  attached  to  the  shaft  /,  which 
has  a  worm  at  the  inner  end  that  meshes  with  a  rack  on  the 
under  surface  of  the  table  e. 

2<>.  Molding  Machine  for  Curved  Pipes.— Fig.  2:: 
and  (b)  shows  a  design  of  molding  machine  for  making  curved 
pipes,  which  requires  neither  patterns  nor  core  boxes,  and 
has  a  capacity  for  making  curved  pipes  up  to  20  inches  in 
diameter  and  of  any  desired  curvature  up  to  50  feet  radius 
and  60°  in  length.  The  machine  consists  of  a  frame  a  made 
of  I  beams,  as  shown  in  (^),  which  is  hinged  at  one  end  so  as 
to  swing  into  a  pit.  The  movable  end  of  the  frame  is  sup- 
ported by  a  chain  b  whose  length  is  controlled  by  means  of 
a  winch  c  on  a  car  d  that  runs  on  tracks  extending  from  the 
floor  across  the  pit.  The  length  of  the  frame  a  may  In- 
changed  by  sliding  it  through  sleeves  e  that  support  it  at  the 
hinged  end.  The  sleeves  e  have  a  vertical  adjustment  by 
means  of  a  screw  and  hand  wheel /attached  to  the  bearing. 
A  truck  g,  shown  in  Fig.  23  (a)  and  (d),  runs  on  tracks  over 
the  pit  and  carries  a  cross-bar  //,  that  has  a  vertical  move- 
ment along  two  side  posts  z,  i  standing  on  the  truck.  The 
mold  j  for  the  curved  pipe  is  started  on  a  bottom  plate  k 
fastened  on  the  frame  a  when  it  is  horizontal,  and  the  socket  o 
is  swept  up  by  hand  by  the  aid  of  a  sweep  /  supported 
by  the  bar.  After  the  socket  is  finished,  the  pattern  /  is 
used  for  the  curved  part.  As  the  mold  progresses,  the 
frame  a  is  gradually  lowered  at  one  end  into  the  pit  by  means 
of  the  winch  c.  The  flange  or  socket  portion  ;;/  of  the  flask 
is  bolted  to  the  bottom  plate  k  and  a  section  ;/  of  the  flask 
bolted  to  the  flange.  The  flask  is  made  in  several  sections 
to  facilitate  ramming.  As  the  ramming  proceeds,  the  end 
of  the  frame  is  lowered  by  means  of  the  winch,  thus  giving 
a  mold  of  uniform  curvature.  The  ends  of  the  mold  may  be 
made  straight  by  holding  the  frame  a  stationary  and  con- 
tinuing the  work  by  a  vertical  movement  of  the  sweep  or 
pattern  /. 
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The  core  q  for  the  mold  \\nin   Fig.  \'  also 

formed  on  the  frame  a.  but  a  :  ^ed  for  a  sweep  on  the 

•'•ad  of  the  disk  .'      The  core  i  thened  at 

•pand  bottom  and  at  suitable  intervals  by  iron  pi.. 
ire  bound  togetht 

V  I  .      Machine  lor  Molding  |»|O\N  N|I;II-CN.       A  machine 
•Molding  ;  -hown  in  -trm-tion 

MI    that    ailoptrd  in  other   molding 
tfl  of  tlu-  nun  : 
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cope  and  on  the  other  side  that  of  tin-  drajj.  half  of  th<- 
pouring  gate  s  being  in  each  side.  The  sand  rests  »n  a 
bottom  plate/,  shown  in  Figs.  24,  25,  and  20.  Tin-  molds 
are  supported  on  the  plates /on  the  rails  //,  shown  in  Fi. 
of  the  frame  on  which  the 
molds  are  placed  for  pour- 
ing. A  plate /is  placed  in 
the  machine,  and  a  chill  z, 
shown  in  Figs.  25  and  26,  is 
laid  against  the  proper  part 
of  the  matrix.  The  lever  j 
is  raised  and  the  mold  box  k 
moved  toward  the  station- 
ary matrix  a',  which  the 
box  k  slightly  overlaps,  and  forms  a  flask  to  enclose  sufficient 
sand  for  the  mold.  The  hopper  /  is  then  under  the  outlet  /// 
of  the  large  hopper  n,  which  is  supplied  with  sand  by  means 
of  a  conveyer.  The  operator  turns  the  crank  o  until  suffi- 
cient sand  has  been  deposited  in  the  mold,  and  then  com- 
presses the  sand  by  moving  the  lever  p  from  the  position 
shown  in  Fig.  24  until  it  strikes  the  stop  q  on  the  leg  of  the 
machine.  By  reversing  the  levers  /  and  j  to  the  position 
shown  in  Fig.  24,  the  mold  r  is  left  in  a  position  to  be  lifted 
from  the  machine  by  means  of  the  bottom  plate/and  carried 
on  the  sling  /  of  a  trolley  to  the  frame,  as  shown  in  Fig.  26. 
The  projection  «,  shown  in  Fig.  25,  is  removed  from  the 
molds  in  the  first  row  so  that  they  will  set  squarely  against 
a  vertical  end  board  iv,  shown  in  Fig.  26.  The  second  row 
of  molds  is  then  placed  against  the  first,  the  grooves  g  of  the 
bottom  plates /fitting  projections  on  the  carriage  v  on  the 
rails  h  and  making  the  molds  match  each  other  perfectly. 
The  carriage  v  slides  on  the  rails  k  and  is  used  to  adjust  the 
molds  so  that  they  will  match  properly.  The  other  rows 
are  then  set  in  place  until  the  frame  is  filled.  A  board  is 
placed  across  the  end  of  the  last  row,  similar  to  the  one 
across  the  first  row,  and  clamped  to  the  frame  so  as  to  hold 
all  the  rows  of  molds  securely  together.  After  the  molds  are 
clamped  together,  they  are  all  poured. 
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BUILDINGS,  GROUNDS,  AND 
EQUIPMENT. 


BUILDINGS    AND    GROUNDS. 


INTRODUCTION. 

1.  General  Foundry  Conditions. — It  is  impossible 
to  lay  down  iron-clad  rules  prescribing  the  best  arrange- 
ments and  most  suitable  features  for  all  foundries.  The 
varying  conditions  imposed  by  competition  in  the  matter  of 
quality,  quantity,  and  cost,  and  the  nature  of  the  work  that 
comes  within  the  scope  of  each  individual  plant,  require  that 
the  methods  adopted  be  those  best  suited  to  the  plant  under 
consideration;  in  many  cases  these  methods  will  be  very 
different.  Equipments  that  give  the  best  results  in  one 
case  may  prove  failures  in  another.  In  giving  the  descrip- 
tion of  modern  foundries  and  the  various  machines  and 
systems  that  form  a  part  of  their  equipment,  it  must  be 
understood  that  much  that  is  said  is  ideal  in  its  nature. 
While  the  manufacturing  foundry  embraces  the  greatest 
number  of  the  modern  tendencies  in  founding  operations, 
many  of  them  apply  to  any  foundry;  but  no  two  foundries 
have  conditions  exactly  alike.  From  the  many  styles  of 
buildings  and  the  various  appliances  for  foundry  use,  it  is 
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at  the  lowest  cost.  Good  distributing  points  arc  on  navi- 
gable waterways  and  at  railway  intersections.  It  is  always 
advisable  to  locate  the  foundry  so  as  to  have  the  advantage 
of  several  competing  railways,  and  to  have  both  land  and 
water  shipping  facilities.  All  parts  of  the  works  should  be 
directly  accessible  by  railways,  with  the  necessary  switches 
and  sidings;  adequate  wharfs  are'  required  on  tin-  water- 
ways, and  both  systems  should  In-  equipped  with  tin-  brst 
arrangements  for  loading  and  unloading.  A  foundry  plant 
consists  of  one  or  more  buildings  and  a  stock  yard. 

4.  Extensions. — It   is  advisable   to  erect  the  foundry 
buildings  on  a  tract  of  land  that  will  not  only  permit  exten- 
sions to  be  made,  but  also  has  a  suitable  area  for  a  dumping 
ground    for   refuse,    slag,    and    burned   sand.      A   dumping 
ground  is  a  great  convenience,  as  it  allows  the  immediate 
and   rapid   disposal   of   the   waste   products,    but  often  the 
interest  on  the  investment  in  a  dumping  ground  is  greater 
than  the   freight  charges  that  would  remove   the  waste  a 
considerable   distance. 

5.  Modern     Tendencies     in    Foundry     Building. 

Modern  foundry  buildings  are  substantial  structures  of  brick 
and  stone,  with  a  framework  of  steel.  They  have  complete 
systems  for  heating,  lighting,  and  ventilating;  also  lava- 
tories, wash  rooms,  lunch  rooms,  and  other  minor  conve- 
niences. Traveling  cranes  run  the  entire  length  of  the 
foundry  floor  and  stock  yard,  and  hoists  and  jib  cranes  are 
liberally  distributed. 

6.  Light  for  Foundries. — The  principal  work  in  the 
foundry  consists  in   preparing    the    molds,   which    involves 
the  greatest  skill,  is  the  most  expensive  part  of  the  process, 
and  requires  the  closest  attention  and  the  largest  portion  of 
the  space  of  the  entire  foundry  plant.     The  nature  of  the 
work  of  a  molder  is  such  that,  even  in  the  brightest  day- 
light, it   is  often  necessary   to  use  artificial  light.     In  the 
old-fashioned    shop    a    torch   was  indispensable,    but    these 
have  now  been  replaced,  to  a  considerable  extent,  by  port- 
able incandescent  electric  lamps. 
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of  the  building.  In  the  lean-to  are  the  cupola  house  b, 
engine  room  c,  and  core  department  </.  The  core  ov<  i 
and  ovens /for  drying  molds  are  located  at  the  end  of  the 
main  building  as  annexes  to  it.  As  only  heavy  \vurk  is  made 
in  this  foundry,  the  cleaning  is  done  either  on  the  floor  a 
or  in  the  yard  g.  The  iron  is  stored  in  the  yard  at  //,  and 
the  coke  bins  are  at  t\  both  being  as  near  the  cupolas  as 
possible. 

The  three  cupolas y  are  located  in  a  row  near  one  another, 
about  the  middle  of  one  side  of  the  molding  floor.  The 
melted  iron  flows  from  the  cupolas  into  ladles,  which  arc 
carried  by  either  of  the  cranes  k  and  /  over  the  molding 
floor.  The  iron,  coke,  etc.  for  charging  the  cupolas  are 
elevated  to  the  charging  platform  for  the  cupolas  by  means 
of  the  hoist  at  in.  The  space  n  along  the  wall  in  the  rear 
of  the  cupolas  is  used  for  bins  for  core  and  molding  sands 
and  for  clay ;  the  wash  rooms  o  are  also  located  near  the 
cupolas.  The  hoist  m  for  raising  the  iron,  coke,  etc.  from 
the  ground  to  the  charging  platform/  is  between  the  middle 
cupola  and  the  wall.  The  large  electrical  traveling  crane 
reaches  entirely  across  the  molding  floor  and  is  supported 
by  runways  that  extend  the  full  length  of  the  building  and 
also  over  the  yard  g\  one  of  these  cranes  is  shown  at  k.  The 
foundations  for  the  supports  of  the  runways  over  the  yard 
are  shown  at  q.  Along  the  cupola  side  of  the  building  the 
track  is  supported  on  the  row  of  columns  s.  Under  the  large 
crane  k  are  two  cranes  /  and  /  that  are  one-half  its  length. 
A  central  row  of  posts  u  extends  down  the  molding  floor  for 
about  half  its  length  and  supports  the  tracks  for  the  inner 
end  of  each  of  the  two  shorter  cranes  /  and  /,  which  run 
under  the  large  crane  k.  An  elevated  platform  v  on  the 
row  of  posts  u  is  used  by  the  operator  of  the  two  small 
cranes,  while  the  large  crane  is  operated  from  an  operator's 
cab  w  attached  to  it.  A  small  crane  x  runs  over  the  core 
department  d.  The  slag  and  cinders  are  removed  by  means 
of  a  car  y  running  on  a  track  at  the  rear  of  the  cupolas. 
The  fan  c'  delivers  fresh  air  to  the  foundry  floor  through 
the  two  conduits  z^  z'. 
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1O.  In  Fig.  3  is  shown  the  plan  and  in  Fig.  4  a  cross- 
section  of  a  foundry  building,  which  embraces  not  only  the 
equipment  necessary  to  nearly  all  small  foundries  but  many 
appliances  that  are  applicable  to  the  manufacture  of  any  <>t 
the  classes  of  either  light  or  heavy  castings.  The  building 
consists  of  a  main  portion  a  with  lean-tos  b,  c  along  each  side, 
as  shown  in  Fig.  4,  these  having  various  offsets  and  irregular 
shapes  to  provide  the  floor  space  necessary  for  the  most  con- 
venient arrangement  of  the  apparatus  in  the  equipment. 
The  cupolas  d  are  located  in  the  room  b  in  a  row  along  the 
side  of  the  main  molding  floor;  the  core  department  e  is 
Ipcated  near  the  cupola  room  on  the  same  side  of  the  main 
floor.  The  building  is  lighted  by  large  skylights  in  each 
roof  and  windows  in  the  walls  and  gables,  and  in  the  space 
between  the  eaves  of  the  main  portion  of  the  building  and 
the  top  of  the  roof  of  the  sheds.  A  large  traveling  crane/", 
Fig.  4,  travels  nearly  the  full  length  of  the  building,  and  a 
smaller  traveling  crane  g  is  located  in  the  lean-to  c.  Several 
jib  cranes  Ji  operated  by  electric  motors  are  located  along 
the  sides  of  the  molding  floor.  These  jib  cranes  are  pivoted 
to  the  columns  of  the  building  in  such  a  manner  that  they 
can  be  lifted  off  their  supports  and  removed  to  other  col- 
umns by  means  of  the  traveling  crane.  The  cleaning  depart- 
ment /  is  located  in  an  annex  at  one  corner  of  the  building; 
and  the  heating  and  ventilating  machinery  j\j\  the  pattern 
room  k,  wood  shop  /,  and  lavatory  and  dressing  rooms  ;;/,  in 
additions  against  the  lean-to  c.  The  blower  and  air  com- 
pressor are  located  on  the  second  floor  of  the  cupola 
room  n.  The  yard  o  in  the  immediate  vicinity  of  the 
cupolas  is  used  for  the  storage  of  iron  and  coke,  while 
that  at  p  is  occupied  by  sheds  for  the  different  kinds  of 
sand  and  other  molding  materials.  A  narrow-gauge  rail- 
way system  extends  throughout  the  whole  plant,  connect- 
ing the  different  departments  and  the  stock  yard  with  one 
another.  Steam-road  tracks  q,  q  lead  into  the  buildings 
and  the  stock  yard.  The  stock  is  elevated  to  the  charging 
platform  r  by  means  of  a  hoist  s  located  at  the  rear  of  the 
cupolas. 
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11.  The  stock  yard  is  used  for  the  storage  of  the 
various  grades  of  pig  iron,  scrap  iron,  sprue's,  and  CO 
it  should  have  bins  and  sheds  for  molding  sand,  firebrick. 
fireclay,  facings,  pattern  and  flask  lumber  and  for  storing 
flasks,  hose,  tools,  and  other  supplies  and  miscelhu, 
materials  that  should  not  be  exposed  to  the  weather, 
hi  some  cases  it  is  most  economical  to  store  the  iron,  coke, 
and  coal  on  a  level  with  the  charging  platform  of  the  cupola, 
which  is  usually  from  12  to  15  feet  above  the  floor  of  the 
foundry.  This  can  be  done  by  building  the  bins  on  a  sub- 
stantial elevated  structure,  which  is  provided  with  tracks 
connected  by  suitable  inclines  with  the  railway  sidings. 
The  materials  are  brought  directly  to  the  required  height 
by  the  shifting  engine  that  delivers  the  cars  into  the  yard. 
Waterproof  bins  and  sheds  should  be  constructed  under  the 
upper  yard  and  used  for  the  storage  of  the  supplies  and 
appliances  previously  mentioned.  Narrow-gauge  tracks, 
from  30  to  36  inches  (between  rails),  connect  the  upper 
storage  bins  with  the  charging  platforms  of  the  cupolas  and 
the  lower  yard  bins  with  the  floor  of  the  foundry. 

The  greatest  possible  care  should  be  bestowed  upon  the 
construction  and  maintenance  of  the  track  systems  and 
equipments,  for  smooth  and  well-laid  tracks  and  substantial 
car  trucks  insure  continuous  and  satisfactory  service  and 
minimize  repairs  and  interruptions  from  breakdowns  and 
derailments.  A  longer  life  of  the  structure  is  insured  if  it 
is  not  subjected  to  the  shocks  from  wheels  of  heavily  loaded 
cars  passing  over  rail  joints,  frogs,  and  crossings.  The 
narrow-gauge  tracks  are  in  almost  constant  use  in  foundries 
and  the  standard  tracks  must  withstand  very  heavy  loads  ; 
grade  crossings  of  the  two  should  not  be  tolerated.  This 
can  be  done  by  arranging  the  upper  bins  between  the  two 
systems  of  tracks,  with  the  narrow  gauge  next  the  building 
and  the  standard  gauge  on  the  far  side.  By  the  use  of 
double-track  bridges,  turntables,  and  Y's,  it  is  possible  to 
reach  all  parts  of  the  structure  in  the  easiest  and  most 
direct  manner  and  with  the  least  delay  in  tin-  service.  The 
tracks  should  be  so  arranged  that  all  loaded  trucks  will 
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arrangement  of  the  cupolas  an-  equipped  with  elevators  that 
convey  the  materials  from  the  ground  level  t<>  the  cupola 
charging  platforms.  The  next  best  position  |.>r  the  cupolas 
is  midway  along  the  side  of  the  molding  floor.  This  plan 
makes  it  possible  to  convey  the  jmaterials  from  the  upper 
bins  outside  the  foundry  to  the  charging  pint  forms  or  to 
elevators  to  handle  the  materials  from  the  lower  yard.  With 
the  cupolas  at  the  side,  the  slag  and  refuse  are  easily  acces- 
sible from  the  outside  and  can  be  removed  without  inconve- 
nience to  the  molders. 

In  Fig.  5  is  shown  the  plan  of  a  charging  platform  where 
the  cupolas  are  located  near  each  other  along  the  side  of  the 
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molding  floor,  while  Fig.  6  shows  the  general  arrangement 
of  the  appliances  and  materials  on  the  platform.  In  this 
case  all  the  stock  for  charging  the  cupolas  a,  a  is  brought  to 
the  floor  by  means  of  a  hoist  b,  operated  by  an  electric 
motor.  A  narrow-gauge  track  c  leads  from  the  hoist  to  the 
turntable  d,  which  permits  the  trucks  e  to  pass  from  the 
hoist  to  the  elliptical-shaped  track  that  extends  around 
the  floor.  This  track  is  long  enough  to  hold  a.trainof  trucks 
with  all  the  coke,  iron,  etc.  required  to  charge  the  cupola 
for  a  day.  The  trucks  pass  by  the  cupolas  and  the  materials 
are  charged  directly  from  them,  thus  necessitating  a  mini- 
mum of  handling.  A  quantity  of  pig  iron  and  scrap  is  stored 
at/,  g,  and  i  and  coke  at  //  to  supply  the  cupolas  for  a  short 
time  in  an  emergency,  such  as  the  stoppage  of  the  hoist,  or 
an  accident  to  the  trucks  in  the  yard,  etc. 
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in    the    direction    of    the    arrows,    draw     the    air    in    at    // 
and   discharge    it    at   i.      The   impellers   are    constructed 


Vic,.  7. 

so  as  to  have  a  close  working  fit  with  one  another  and 
with  the  casing.  When  revolving  they  are  kept  in  their 
proper  relative  positions  by  the  gears  that  connect  the 
two  shafts. 

A  non-positive  blower, or  fan,  as  it  is  commonly  called, 
is  shown  in  Fig.  8.  The  casing  a  encloses  a  fan  wheel  made  of 
a  number  of  straight  or 
curved  vanes  fastened 
to  the  arms  of  the  spider, 
which  is  keyedtothe  dri- 
vingshaft^.  Therapidly 
revolving  fan  wheel 
draws  in  the  air  through 
the  central  opening  ^ 
and  discharges  it  at  the 
outlet  </,  whence  it  is 
conveyed  through  asuit- 
able  pipe  to  the  cupola. 
Blowers  and  fans  are 
frequently  operated  by 
direct  -  connected  en- 
gines or  electric  motors.  With  a  fan  blower,  the  volume  of 
the  air  is  automatically  increased  as  the  resistance  to  the 
flow  of  the  air  is  decreased,  and  vice  versa. 


FIG.  8. 
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excellent  labor  savers.  One 
style  of  hand-operated  trav- 
eling crane  is  shown  in 
Fig.  9.  Such  cranes  usually 
consist  of  a  bridge  a  ex- 
tending across  the  foundry 
floor  and  resting  on  trucks 
at  each  end,  which  are  sup- 
ported by  tracks  b  on  the 
side  walls  or  girders  of  the 
building.  The  bridge  is 
operated  from  the  floor  by 
hand  by  means  of  a  chain  // 
that  runs  on  a  chain  wheel 
on  the  shaft  d\  this  shaft 
has  a  pinion  e  at  each  end 
that  meshes  with  the 
gears  /,  /,  which  are  keyed 
to  the  same  shaft  as  the 
wheels  g,  g  that  rest  on  the 
track.  When  the  shaft  d  is 
rotated  by  pulling  the  end- 
less chain  //,  the  crane  is 
moved  along  the  tracks  b. 
A  car  c  carrying  the  hoist- 
ing apparatus  is  arranged 
to  travel  along  the  bridge. 
Hand  cranes  are  also  oper- 
ated by  means  of  cranks 
and  gearing  on  a  stage  sus- 
pended below  one  end  of 
the  bridge. 

Where  heavy  work  is  to 
be  done,  electric  or  air  mo- 
tors are  used  to  operate  the 
cranes.  An  electric  crane 
suitable  for  heavy  work  is 
shown  in  Fig.  10.  The 
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A  motor  g  traverses  the  car  c  back  and  forth  across  the 
bridge.  Some  of  the  largest  traveling  cranes  are  provided 
with  more  than  one  car.  The  hoisting  apparatus  on  the 
car  may  be  direct  acting  for  light  work,  and  differential, 
duplex,  or  triplex  acting  for  heavy  service,  though  the 
car  may  be  equipped  with  more  than  one  hoist.  ;  a  slow 
motion,  for  lifting  heavy  loads  and  a  quick-acting  hoist 
for  lifting  light  loads,  tilting  heavy  ladles  when  pouring 
castings,  etc. 

In  order  to  prevent  one  end  of  the  crane  from  lagging 
behind  the  other,  it  is  important  that  the  power  be  applied 
at  or  near  the  middle  of  the  driving  shaft  /,  unless  some 
other  provision  is  made  in  the  design  of  the  crane  to  pre- 
vent this  difficulty.  If  the  power  is  applied  at  the  middle 
of  the  shaft,  the  torsion  in  the  two  parts  will  be  as  nearly 
equal  as  possible  and  thus  tend  to  keep  the  bridge  square 
with  the  tracks,  thus  reducing  the  friction  and  the  power 
required  to  drive  it.  It  is  also  necessary  to  place  the  load 
as  near  the  middle  of  the  bridge  as  possible,  as  a  heavy  load 
at  one  end  will  tend  to  make  that  end  lag  behind  the 
other.  The  tracks  of  the  runways  should  be  kept  in  good 
alinement. 

The  apparatus  for  hoisting  and  moving  the  bridge  should 
be  started  very  gradually ;  sudden  changes  of  motion  should 
never  be  made,  for  serious  accidents  have  been  caused  by 
rapidly  changing  the  motion  of  the  bridge,  especially  when 
it  is  loaded  at  one  end.  When  started  suddenly,  there  is  a 
tendency  for  the  loaded  end  of  the  bridge  to  lag  behind  and 
the  other  end  to  leave  the  track  and  fall  to  the  floor;  acci- 
dents of  this  kind  have  resulted  in  the  loss  of  life  and  con- 
siderable property.  Care  should  also  be  taken  not  to  load 
the  crane  beyond  its  capacity,  and  to  use  each  appliance  for 
the  purpose  for  which  it  is  designed.  It  is  not  proper,  for 
example,  to  use  a  heavy  and  slow-acting  crane  to  handle 
light  work  that  is  to  be  lifted  and  transported  within  a 
limited  and  prescribed  area.  Such  work  is  more  economic- 
ally done  by  the  use  of  hand  cranes,  as  previously  men- 
tioned, or  by  jib  cranes,  or* pneumatic  hoists. 
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form  a  track  for  the  carriage  c,  and  to  allow  enough  clear- 
ance between  the  girders  for  the  vertical  movement  of  the 
hoisting  chain.  The  winch  e  for  lifting  the  loads  by  means 
of  the  hook  /  is  attached  to  the  post  a  near  the  bottom  so  as 
to  be  conveniently  operated  from  the  floor  by  means  of  two 
hand  cranks  g,  g.  The  movement  of  the  carriage  along  the 
jib  is  controlled  from  the  floor  by  means  of  a  hand  chain  d 
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that  operates  the  gearing  on  top  of  the  jib  at  the  end  next 
to  the  post.  The  arrangement  is  such  that  an  endless 
chain  //,  which  is  attached  to  the  carriage  c,  passes  around 
the  wheel  /  at  the  outer  end  of  the  jib  and  a  driving  wheel 
that  receives  its  motion  from  the  power  applied  to  the  hand 
chain  d\  the  carriage  is  moved  backwards  or  forwards  at 
the  will  of  the  operator.  Electric  or  air  motors  or  steam 
engines  are  often  used  both  for  operating  the  winch  and  the 
carriage. 

The  plate  j  on  which  the  post  a  is  pivoted  should  be  sup- 
ported by  a  substantial  foundation.  The  upper  pivot  k  is 
usually  secured  to  one  or  more  of  the  braces  of  the  building. 
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1<>.     chain   ii..ixtx.  >  a  great  variety  oil 

.ible  to  cranr  and   trolley  \,  Some 

pulley   block,    which    m. 
either    of    tli-  ntial.  duplex, 

trip!-  which   will    sup 

load   in    I  without 

continuous    appl; 

generally  used;   ;  operate- 

ir,    or'electri 
They  may  b< 

trolley    simply    by    mean- 
whirh    is  the  rase  wh-  ial    trol- 

ley carriage  is  used,  and  also 

a    coin- 
-1  triplex    hoist  and    trolley,  which 

,iently  n 

The  hoiv  ,|"  a  l  rij>lex 

pulley  block  rain 

'1    in  the  circular 
and  operated  by  im  , 
wheel  b carrying  a  hand  chain  c.    Tin- 
gearing  givt  a  drum,  whirli 
ves  the  chain  //  that    suj»ports  tin- 
weight.     The  trolley  i^  ju-i>vide«l  with 

:    truck  whe« 
Pl°-  JS-  /.       In  the    plain 

shown   in   the   ill;  .  tin-    movement    of   the   troll- 

effected    by    pushing    h"i  i/.'>ntall\  lln     load    in    the 

•   '1    1  l'olle\ 

whi< -I  \er  a 

wheel  geared  to  the  wheels  of  the  mi- 
It  is  <•'.  .  but 
they  often  cause  slight  h 

,ibl«-  wln-n    bftir,.  withdra\ 

able, 

more 

easily  dr-  •  [on    than    def  •«  ts    in 

ire  safet\ 
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should  be  inspected  frequently  and  annealed  at  least  once 
a  year. 


s   a 


serviceable    appliance    that 

0 


1  7.     An    air    hoist 

can    be    used    when   com- 

pressed   air    is    available. 

Such  hoists  are  simple  in 

construction,     light     in 

weight,     occupy     little 

space,  are  easily  operated, 

and  are   not   so  likely   to 

shake   the    sand   out   of 

copes   as   chain    hoists. 

One   form   of  air  hoist  is 

shown  in  Fig.  14  and  con- 

sists  of   a   cylinder  a,    in 

which    there    is    a    piston 

that    supports    the    piston 

rod  and   the   load  on   the 

hook  b  on  the  end  of  the 

piston   rod.     The    com- 

pressed air  is  conducted  to 

the  hoist  through   a   hose 

attached  to  a  pipe  at  c\  a 

valve  d  in  the  pipe  at  the 

lower  end  of  the  cylinder 

Controls  the  admission  of 

the  air  to  and  its  exhaust  FlG  14- 

from  the  cylinder  and  is  operated  by  hand  by  means  of  the 

chains  e,  e  and  handle/".     An  air  hose  is  more  or  less  objec- 

tionable when  it  hangs  down  in  the  way  of  the  workmen,  an^ 

automatic  reels  and  other  contrivances  are  sometimes  used 

to  carry  the  slack  hose.     Such  hoists  may  be  stationary  or 

portable;    the   latter   style   is  suspended  either  by  a  hook 

that    enters   the    ring  gt   or  on  trunnions./  that    rest   on 

the  carriage  h  that  runs  on  a  track  /,  as  shown  in  the  illus- 

tration.    The  latter  form  gives  more  room  over  the  mold- 

ing floor. 
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Ascrnt'-gi>;  hown  in  Fig  inetimes 

used  in  foundry  work.  easily  controlled  and  will 

port  a  load  in  perfect  safety  in  any  position  within  the  length 
of  its  stroke.      It  works  sm<  nd  can  be  delicately 

adjusted,  and  is  therefore  r. 
ful    for    lifting  copes,  drawing 
patterns,   and   setting   coi 
The  air  is  admitted  to  and  ex- 
hausted  fr«>m   the    cylinder   l>v 
/  at  the  lower 

end  of  the  cylinder  b,  which  is 
operated   by  a  cord  c.     It  re- 
quires   a    slight    movement    of 
the  hand  chain    //  to   start    the 
load  cither  up  or  down. 
light    loads    it    can     1" 
without  air  pi  Lfl  an  ordi- 

nary screw  hoist.  The  motion 
is  transmitted  from  the  hand 
chain  through  the  bevel 
gears  t\  /.  The  small  gear  / 
is  on  the  end  of  the  screw  g, 
which  extends  into  the  hollow 
i  rod  //,  and  the  rotation 
of  the  gear  causes  the  screw  g 
to  turn  in  the  piston  nut  . 
cither  raises  or  lowers  the 
hooky,  depending  on  the  direc- 
tion the  power  is  applied  to  the 
chain  </.  This  is  really  a  screw 
hoist  in  which  most  or  all  of  the 
load  is  supported  by  the 
pressed  air  during  hoisting.  If 
the  load  is  left  hanging  on  the  hook,  it  will  not  lower  if  some 
of  the  compre*s<  is  out. 


PlO.  15. 


IS.      i  i  .,iic\H. — Overhead  trolley  systems  a  re  frequently 
used  instead  of  cranes.     They  possess  many  advantages  for 
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handling  light  and  medium  work  up  to  1,500  or  2,000  pounds. 
They  can  be  arranged  to  cover  a  large  area;  the  devices  are 


easily   handled  and   several   trolleys   can    be    used   on   the 
same   track  at  the  same  time  without  interference.     The 


M 


>RY    A1TLIAN* 


an  be  erected  s<> 

ments    of    llu-    foundry   and    the    .systnn    may    rnmpri 

<  s  or  a  double  track  with  or  with- 
out crossovt 


They  are  very  ^e  over  side  floors  where 

.    and     can    1  .- 

suspended   from  the  roof    trusses.  <>r  in   a  variety 
suited  to  all  conditions.     As  ti  l>e  supp< 
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under  traveling  cranes  without  erecting  posts  on  the  floor, 
it  is  best  under  these  circumstances  to  keep  the  tracks  near 
the  walls  and  secure  them  to  brackets  attached  to  the  main 
columns  of  the  building.  The  tracks  are  made  of  channels, 
I  beams,  or  flat  bars.  The  switches  and  crossovers  must  be 
designed  so  as  to  insure  a  continuity  of  the  runway,  and 
with  no  possibility  of  remaining  open  and  dropping  the 
trolleys.  The  trolley  carriage  for  the  flat-bar  track  may  be 
simpler  than  any  other  style,  having  either  one  or  two 
rollers  as  a  support,  but  the  double  form  running  on  I  beams 
or  channels  is  more  substantial. 

Fig.  16  shows  a  single-rail  trolley  system  with  a  switch  to 
carry  the  trolley  from  the  main  track  to  a  side  track.  The 
portion  of  the  track  between  a  and  b  is  hinged  at  a  and 
serves  as  a  switch.  Its  position  is  regulated  from  the  floor 
by  means  of  the  chains  c,  c.  so  that  either  the  main  track  r 
or  the  side  track  r'  may  become  continuous  with  the  switch 
rail  r"  as  desired.  The  trolley  is  shown  at  d  supporting  a 
chain  hoist  e\  pneumatic  hoists  are  frequently  used  instead 
of  chain  hoists.  The  switch  r':  is  provided  with  projections, 
one  of  which  is  always  opposite  the  open  end  of  the  track  so 
as  to  prevent  a  trolley  running  off  the  end  of  the  track. 
One  of  these  projections  is  shown  at  the  end  of  the  open 
track  r. 

In  Fig.  17  is  shown  a  double-track  trolley  system  using 
crossovers,  one  of  which  is  shown  at  g,  for  the  purpose  of 
changing  the  trolleys  from  either  track  to  the  other.  The 
switch  is  operated  from  the  floor  by  means  of  chains  b  that 
pass  over  a  pulley  c.  A  duplicate  operating  pulley  d  is 
arranged  at  the  other  end  of  the  crossover  for  convenience. 
This  system  allows  the  use  of  several  trolleys  a  on  the  tracks 
at  the  same  time  without  interfering  with  one  another,  as 
shown  in  Fig.  18.  The  trolley  ladles  b,  b  pass  under  the 
spout  of  the  cupola  c,  and  after  receiving  the  melted  iron, 
change  from  the  track  d  in  front  of  the  cupola  by  means  of 
any  one  of  the  several  switches  e,  e  to  some  one  of  the  main 
tracks/,  /and  are  taken  to  the  floor  where  the  molds  are  to 
be  poured. 
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The  trolley  ;  *,  suitable  ; 

consists  of  four  wheels^,  g%  two  on  each  side  of  the  I  |>( -a in. 
held  in  place  the  ladl< 

-il   spring   in  the  sockets  at  each  en 

frame  h\   the   load    rests   on   the  .    whirh    prevent 

;    and     make    lli«  :n..<,tli     running.        In 

nit    ;i]»|»!  :    the-    tmlK-y 

"lu-n  iron  is  hiMii-ht   frcnn  ihc 


PIG.    18. 


!.i    to   the   place    win-:  -.uniitf    is    t<»   In-  done  and 

/"  are  fill*  r  the   jnirp«>M-  «.f 

li^lit  :    tin-  llo.,r. 
plan    aids  in   keeping   the    iron   hot   t"..r  tin-  work.       P,y 

the  crossover^,  the  ti  die  returns  on  the  other  rail  to 

the  <  :   "ii  the  out'.                   1    f"<>r 
other  lad! 

A   single   flat 

troll-  -k.      Tlx                   -•    in 

i  beelfl  with  tfa 
sary  f;  ting  tin-  ' 
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19.  Automatic  electric    trolley  systems,  or    telphers, 

are  used  in  foundries  for  conveying  materials  in  the  depart- 
ments and  from  one  building  to  another.  They  are  service- 
able for  delivering  castings  from  the  molding  floor  to  the 
cleaning  room,  the  storeroom,  or  the  shipping  department. 
These  telphers  are  operated  from  the  floor  by  an  electric 
switch.  They  run  on  overhead  wire  cables  or  tracks,  over 
curves  and  switches,  and  in  either  direction;  they  can  be 
arranged  also  to  run  on  the  surface  or  underground  with 
equal  facility.  The  car  runs  to  its  destination,  the  bucket 
trips  and  returns  automatically.  The  equipment  requires 
very  little  skill  to  operate  it  and  its  use  greatly  reduces  the 
manual  labor  in  handling  materials. 

20.  Sand    Conveyers. — In    ordinary   sand  molding, 
either  in  flasks  or  bedding  in  the  sand,  molds  are  poured 
and  shaken  out  at  or  very  near  the  place  they  are  made. 
In  such  cases  the  sand  is  usually  tempered  by   hand  and 
used  over  again.     From   time   to  time  some  of  the   worst 
burned  sand  is  rejected,  taken  away,  and  fresh  sand  brought 
to  take  its  place.     When  lighter  or  finer  grades  of  work  are 
made,  where  many  cores  or  a  great  many  nails  or  irons  are 
used,  the  preparing  of  the  sand  becomes  a  serious  item  of 
expense  and  hence  various  systems  of  conveyers  and  machines 
for  preparing  the  sand  have  come  into  use.     This  is  especially 
true  in  shops   where  many  duplicate  small  molds  must  be 
made.     In  general  it  may  be  stated  that  as  the  percentage 
of  time  required  to  prepare  the  sand  compared  with  the  time 
it  takes  to  make  the  mold  increases,  the  saving  effected  by 
mechanical  devices  for  preparing  the  sand  will  increase. 

In  some  cases  it  may  be  found  advantageous  to  use  an 
automatic  trolley  system  to  distribute  molding  sand.  This 
may  prove  economical  in  foundries  where  bench  molding  at 
stationary  benches  predominates,  but  generally  a  more  elab- 
orate system  of  sand  conveyers  is  used.  A  complete  system 
for  molding-sand  distribution  comprises  an  underground  con- 
veyer for  taking  the  sand  from  the  place  where  the  molds 
are  shaken  out,  a  crusher,  a  mixer,  a  magnetic  separator,  a 
sifter,  a  temperer,  an  elevator,  and  an  overhead  conveyer 
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with  distributing  chi. 

to  the  molding  floor.     It 

elaborate  scale  a  \\ill  be  rnt ii- 

factory  in  operati 

1  the  details  and  impairs  ti 

'•m.      Stf  'litablt-  t'<>r  use    in 

such  conveyt  by  tin- 


PlO.  19. 


S.i ml     conveyers  ,  ,  ,  i  .  nu     l>  |>c,    illns 

^iv<-n  t  .ndry 
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practice.  They  are  simple  in  construction  and  the  purls  are 
not  subjected  to  much  destructive  wear.  Fi^.  -»o  shows  a  lon- 
gitudinal sectional  view  of  an  overhead  sand  conveyer,  which 
consists  of  a  series  of  wooden  or  steel  blades  a  suspended 
from  a  tubular  bar  b  by  means  of  hinged  connectioi 
The  hinged  joints  are  so  constructed  that  they  will  not 
allow  any  movement  of  the  blades  back  of  a  vertical  position. 


FIG.  20. 

The  tube  is  supported  by  angle-iron  brackets  d,  each  enclo- 
sing a  flat-faced  rollers,  which  allows  a  horizontal  movement 
of  the  bar  of  from  3  to  4  feet.  The  bearings  for  the  roller 
shafts  are  supported  on  the  edges  of  the  trough  fin  which 
the  sand  is  conveyed.  The  blades  are  suspended  in  a  trough/ 
that  receives  the  sand  from  an  elevator.  The  bar  is  given  a 
reciprocating  motion  by  a  crank  g  on  the  driving  shaft,  as 
shown  in  Fig.  19.  The  conveyer  is  driven  from  a  belt  on  the 
pulley  t  and  is  stopped  and  started  by  means  of  the  friction 
clutch/.  The  blades  are  held  rigid  during  the  forward  motion 
by  the  supports  k,  Fig.  20,  the  bottoms  being  slightly  in 
advance  of  the  upper  edges,  and  push  the  sand  along  the 
trough.  During  the  backward  motion,  the  blades  lift  upwards 
as  indicated  by  the  dotted  lines  and  slide  over  the  sand,  drop- 
ping down  behind  the  piles  of  sand  formed  in  the  forward 
stroke,  and  the  forward  motion  is  repeated.  Openings  with 
suitable  valves  and  chutes  are  arranged  in  the  bottom  of 
the  trough  in  places  where  the  sand  is  needed.  The  oscil- 
lating system  admits  of  great  flexibility.  The  sand  may  be 
carried  forwards  in  one  or  more  main  conveyers  to  branch, 
conveyers,  which  deliver  it  to  all  parts  of  the  molding  floor. 
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•J  I  .     In  addition  to  the  reciprocating  conveyer  illustrated 

:gS.  19  and  2<>          ruhhcr-liclt    ci)ii\c\ti  <  quently 

used.      'J  ;  I  rubber   belt   supported  on  pulleys 

ich    a   ma  ause  the   belt  t<-  assume  a  trough 

pe.     This  may  be  accomplished   by    having  one  sc 
pulleys  supporting  the  center  and  two  sets  of  inclined  pulleys 
«-d  in  such  a  way  I  pport  the  outside  edges  of  the 

ich   a   belt    is   subject    to   less  wear   than    a 

vcr  and  has   a    very   g  acity,  «>n  account 

of  the  fa<  t   that  both  the  sand  and  the  conveyer  are 
stantly    moving    t  the    great    loss  of  energy 

necessary  to  overcome  the  inertia  of  the  reciprocating 
parts  of  the  conveyer  and  to  start  and  stop  the  sand  is 
avoided. 

Tli'  >ge  of  this  style  of  conveyer  is  that  it  must 

.atcrial  which   it  conveys  at  some  stated  point, 
either   at  the  end    of    the    conveyer  «>r  by  means  of  a  s| 
•    some    point    along    its   line.      'I'll- 
•  an  IK-  made   to   fill   a   series  of   pocket 

hoppers.      All  the  sand  will  fall   into  the  first  hopper  until 
ftCf    which    the    convryer  will   simp  the 

sand  across  the  top  of  this  hopper  to  the  next,  and  so  on. 
By  having  a  discharge  opening  beyond  the  last  hopper 
through  which  the  sand  falls  after  all  the  hoppers  are  full, 
the  operator  can  see  immediately  when  all  the  hoppers  are 
full  and  stop  the  conveyer  and  the  elevator  that  suppli- 
This  gives  him  but  a  single  point  to  watch  in  order  to  con- 
trol the  system,  while  it  a  rubber-belt  conveyer  is  used  with 
an  automatic  arrangement  for  discharging  into  any  01 

-oppers,  it  is  necessary   to  observe  each  hop: 
rately,  so  that   the  apparatus    re«p;  iderable 

attention.      Rubber-belt  conveyers  an  lly  applicable 

as  main-line  conveyei  upplying   branch  c«»nvey<  ; 

the  :  't'nK  type. 


siller*.  —  New  molding  sa: 

bit  matter,  which  must  be  ran 
before  mixing.     Sand  that  has  been  used  generally  contains 
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nails,  gaggers,  shot,  iron,  and  fins.  Sifters  for  this  work  are 
made  in  a  great  variety  of  styles;  a  plain  vibrating  form  is 
shown  in  Fig.  21.  It 
consists  of  a  box 
sieve  a  that  is  sup- 
ported on  a  frame 
by  four  flat-steel 
springs  b  on  which 
the  sieve  vibrates. 
The  top  ends  of  the 
springs  are  bolted  to 
the  bottom  of  the 
box  a  and  the  lower 
ends  are  bolted  to  the  crosspieces  c  of  the  frame.  The 
screen  receives  its  reciprocating  motion  from  a  cam  disk  d 
on  the  driving  shaft  e  extending  across  the  top  of  the  frame 
under  one  end  of  the  box.  The  cam  acts  against  a  projec- 
tion /  attached  to  the  box,  pushing  the  latter  horizontally 
against  the  pressure  of  the  springs,  which  return  it  to  its 

normal  position  when 
the  cam  has  passed. 
The  sand  is  deposited 
on  the  screen  at  the 
end  a  of  the  box,  the 
sifted  portion  passing 
into  the  wheelbar- 
row g,  and  the  refuse 
into  another  barrow  h 
at  the  lower  end  of 
the  sieve. 

Another  style  of 
shaking  sifter  is 
shown  in  Fig.  22, 
which  has  a  box- 
shaped  sieve  a  sup- 
FIG-  22-  ported  by  four  rods  b 

and  to  which  is  imparted  a  combined  oscillating  and  rocking 
motion  by  means  of  the  cranks  c,  c.     The  machine  is  belt 
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driven  and  operates  the  crankshafts  by  in  the  bevel 

gears  d.     This  style  <>t  marh  o  made  to  operate  by 

hand.     The  refuv  v.   with  a 

rl  whenever  nec<  -and  falls  <>n   tin- 

floor,  "i    into  wheelbai  a  conveyer. 

Th<  .'»\vn  in   !  ifl  {>•  .rtablr  and  is 

ting  sand  as  i 


i  of  foundry  hand  riddle  is  used  in  this  ma<  him-,  which 

in    air  cylinder  #,  a  circular    in>n   frame   / 
h«>ldJMK  the  riddle  Ct  and  a  suppnrtin^    trijxxl.      ('..inpr- 
furnished  to  the  <  ylindcr  thr-.u^li    a    h«»sc  r   and  . 
:'idly  reci|>r<"  -n    to    the    j»ist«>n    attached    1" 

the  frame  b.     "1'hr  riddle  <   vibrati-s  on   toj>  of  th< 
hinged  rods  /  •  \eled   into  it  falls 

tnthrfl..  tkcn  through   the  riddle. 

•    i  \v<>  hexag- 
frames  covered  with  wire  screen  a.     A  stand  b  supports 
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the  bearings  for  the  shaft  c  of  the  screens  together  with 
either  the  electric  motor  d  or  the  pulleys,  by  means  ..I  which 
rt  is  driven;  some  machines  have  but  one  screen.  Knock- 
ers e,  e  are  generally  used  to  loosen  the  sand  that  dogs  the 
screens.  These  are  pivoted  at  the  ends  of  arms/, /attached 
to  the  frame  of  the  machine.  Lugs  g,g  on  the  ends  of  the 
frames  carrying  the  screens,  pass  under  the  projections  // 
on  tlie  ends  of  the  knockers  and  cause  the  puds  r  to  strike 


FIG.  24. 


the  screens.  Brushes  are  sometimes  used  instead  of 
knockers.  The  sand  enters  the  hole  /  at  the  end  of  the 
drum  either  by  means  of  hand  shovels  or  a  conveyer.  The 
accumulation  of  gravel  and  iron  in  the  drum  is  removed 
by  opening  one  section  of  the  screen,  although  in  other 
designs  a  conical  sieve  is  used,  the  sand  being  fed  in  at  one 
end  and  the  coarse  material  passing  out  at  the  other  end. 
This  style  of  sifter  is  sometimes  made  portable  by  mount- 
ing it  on  trucks. 
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trough  a  for  holding  the  sand  and  in  which  a  revolving  pro- 
peller  b  makes  a  thorough  mixture  of  the  old  and  the  new 
sand,  facings,  core  mixtures,  etc.  The  mixture  is  dumped 


FIG. 


out  by  tilting  the  trough  by  means  of  the  crank  c  and  a 
gear  that  meshes  in  the  rack  d  attached  to  the  trough  a. 
Mixers'  of  this  type  are  sometimes  equipped  with  a  sand 
sifter  of  the  form  shown  in  Fig.  21. 


FIG.  27. 

Another  type  of  mixer  known  as  the  roller  machine^  shown 
in  Fig.  27,  is  used  mostly  for  mixing  loam.     It  consists  of  a 
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cast-iron  case  c.  On  the  upper  surface  of  the  disk  a  series 
of  steel  pins  d  are  fixed.  The  sand  is  introduced  through 
a  hopper  e  at  the  top  to  the  center  of  the  rapidly  revolving 
disk  and  is  thrown  outwards  through  the  pins.  In  pa- 
between  the  pins  the  lumps  are  pulverized  and  the  material 
thoroughly  mixed.  The  mixture  falls  from  the  bottom  of 
the  case  c  either  on  the  floor  or  into  the  trough  of  an  under- 
ground conveyer  and  is  ready  for  immediate  use  with  the 
possible  exception  of  tempering. 

25.     Sand    Temperers.  —  The    water   for   tempering 

sand  is  usually  supplied  from  a  hose  or  sprinkling  can,  and 
the  sand  tempered  by  hand.  A  mixing  machine,  shown  in 
Fig.  29,  having  a  heavy  boiler-iron  tank  similar  to  the  mixer 


FIG.  29. 

shown  in  Fig.  26,  but  with  a  cover  a,  is  frequently  used  for 
this  purpose.  A  spray  of  water  is  thrown  on  the  sand 
through  a  perforated  pipe  b  while  it  is  being  mixed  by  the 
revolving  propeller  c.  A  door  d  in  the  bottom  of  the  box  is 
arranged  so  that  the  sand  may  be  withdrawn,  when  it  is 
mixed  and  tempered,  either  directly  into  a  wheelbarrow  or 
into  the  hopper  of  an  underground  conveyer. 
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elevator  is  called  the  boot,  and  the  material  to  be  raised  is 
introduced  into  it  through  a  chute  g. 

2,7.  A  mold  conveyer  is  an  appliance  used  in  some  of 
the  large  foundries  to  transfer  the  molds,  cores,  etc.  from 
the  benches  and  molding  machines  to  the  cupola  or  the 
casting  room,  and  to  return  the  empty  flasks  to  the  molders. 
With  such  a  device  it  is  possible  to  divide  the  foundry  into 
two  departments — the  molding  room  and  the  casting  room. 
This  system  applies  to  small  and  medium-sized  work,  which 
can  be  made  in  portable  molds.  For  large  work  the  molten 
iron  is  carried  to  the  molds,  necessitating  the  use  of  a 


FIG.  31. 

traveling  crane,  jib  crane,  trolley,  or  truck  ladle.  In  the 
smaller  foundries,  and  in  many  larger  ones  as  well,  the  molds 
are  arranged  on  the  floor  near  the  cupola  and  the  molten 
iron  carried  to  them.  Figs.  31  and  32  show  one  style  of 
mold  conveyer,  which  consists  of  a  train  of  trucks  a  with 
iron  tops  connected  close  together  to  an  endless  link  belt  so 
as  to  form  a  continuous  traveling  platform.  The  belt 
travels  around  a  large  sprocket  sheave  at  each  end  of  the 
line.  The  outer  edge  of  each  truck  is  supported  by  two 
wheels  £,  b  that  are  grooved  to  fit  a  rail  c  laid  level  with 
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near  the  top  of  the  cars.     Where  such  a  system  is  used,  the 
cupolas  are  located .  on   a  base  raised  a   tew  feet  above  the 
floor  level,  and  at  the  same  height  as  the  top  of  the  con- 
veyer, so  that  the  men  pouring  the  molds  may  easily 
from  the  floor  to  the  top  of  the  conveyer.     The  molder 
located  along  the  conveyer  in  the  molding  room. 

Molds  made  in  the  machines  g  and  on  the  floors  are 
preferably  deposited  on  the  conveyer  in  halves.  The  <1 
are  supplied  with  cores,  and  the  flasks  closed  by  the  core 
setters.  Large  molds,  especially  those  requiring  lar^ 
heavy  cores,  are  brought  to  the  casting  floor,  removed 
from  the  conveyer,  and  bedded  on  the  floor;  the  cores  that 
follow  them  on  the  conveyer  are  then  set.  Bench  molders 
and  those  using  snap  flasks  usually  set  their  own  cores, 
close  the  molds,  and  place  them  on  the  conveyer.  The 
molders  have  completed  their  part  of  the  work  when  they 
have  deposited  either  the  finished  or  open  molds  in  good 
condition  on  the  conveyer.  Jib  cranes  h  or  trolleys  with 
air  hoists  are  sometimes  used  to  lift  the  molds  on  and  off 
the  conveyer.  The  finished  mold  is  poured  while  on  the 
conveyer  as  soon  as  it  comes  within  convenient  reach  <>f 
the  casting  gang,  who  draw  the  metal  in  shank  ladles  from 
the  cupolas,  step  on  the  conveyer,  and  pour  the  iron  while 
in  motion.  In  some  cases  the  ladles  are  carried  by  means 
of  a  trolley  running  on  a  track  that  runs  over  and  parallel 
to  the  conveyer.  The  molds  are  taken  from  the  conveyer 
when  near  the  cleaning  room,  shaken  out  over  a  grating, 
which  allows  the  sand  to  fall  into  an  underground  sand  con- 
veyer, and  the  empty  flasks  are  returned  on  the  conveyer 
to  the  molder.  The  cores  are  removed  from  the  sand  and 
the  gates  knocked  off  the  castings,  which  are  taken  to  tin- 
cleaning  room.  For  large  work,  the  motion  of  the  con- 
veyer is  controlled  by  an  operator,  who  starts  it  forwards 
whenever  a  section  is  loaded  with  molds.  This  intermit- 
tent movement  allows  all  the  molding  operations  to  be  car- 
ried on  simultaneously.  Conveyers  of  this  type  for  small 
work  run  continuously,  the  mplds  bdn^  put  on  while  it  is 
in  motion.  Sand  for  the  molding  machines  ^\  ]'• 
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brought  er  €  to  the  hoppers  /,  the  conveyer  e 
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angles  to  the  conveyer,  or  in  various  other  ways  to  best  suit 
the  existing  conditions. 

29.    Charging-Fioor  ivlc valors.—  The  elevators  used 
to  deliver  the  iron,  coke,  and  other  materials  from  the  ground 


FIG.  34. 


to  the  cupola  charging  platform  are  operated  either  by 
belts,  hydraulic  cylinders,  compressed  air,  or  electric  motors. 
Their  speed  is  from  60  to  80  feet  per  minute.  The  platform 
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should  be  large  enough  to  aeo>mmodate  OIK*  or  more 
used  for  hauling  the  matt-rials.       It  i^  an  advantage  in  s«.me 
cases  to  use  double  elevators.     A  single  elevator  must    U 
balanced  ,\  eights,  while  double  elevators  Ui 

each  other  and  give  double  service  with  only  a  little  m..re 
power  than  is   required  l>y  th«  me.      The  old  sty 
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the  winding  drum  e,  which  is  fastened  by  suitable  bearings 
and  base  frame  to  the  overhead  joists.  A  worm  in  the 
case /"on  the  shaft  supporting  the  pulley^,  drives  the  worm- 
gear  in  the  case  //,  which  is  rigidly  uUu< -hrd  to  the  drum 
shaft.  The  safety  catch  i  holds  the  drum  and  the  load  in 
any  desired  position  when  the  driving  power  is  shut  off. 


PIG.  86. 

The  belt  runs  continuously,  and  to  start  the  elevator  it  is 
necessary  to  shift  the  belt  from  the  loose  pulley  k  to  the 
tight  pulley  /.  This  is  done  from  above  by  pulling  the 
rope  m,  attached  to  the  shifting  mechanism  ;/,  o,  and  /,  or 
from  below  by  the  handle  q.  Electric  motors  are  often 
used  to  operate  this  style  of  elevator,  the  motor  being  con- 
nected directly  to  the  screw  gear. 
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The  same  general  also  operated  by  a 
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and  assigning  to  each  employe  distinct  and  limited  opera- 
tions to  perform;  that  is,  a  molder  should  do  molding  exclu- 
sively, one  set  of  men  should  set  cores,  anothei 
and  other  men  should  shake  out  and  remove  castings,  a 
carpenter  should  repair  flasks,  and  so  on  with  all  the  foun- 
dry operations.  The  flasks,  sand,  cores,  and  all  materials 
should  be  brought  to  the  molder.  The  molten  iron  may  be 
brought  to  the  flasks  or  the  flasks  taken  within  easy  < 
of  the  casting  gang.  No  employe  should  have  cause  for 
leaving  the  immediate  work  in  hand,  or  for  using  the  tools 
of  another,  and  the  arrangement  should  be  such  that  each 
man  is  required  to  do  his  share.  The  employes  should  have 
short  hours  and  good  wages  and  be  required  to  perform  the 
least  amount  of  unnecessary  labor,  but,  on  the  other  hand, 
they  should  be  required  to  turn  out  the  greatest  possible 
amount  of  good  work  during  the  working  hours.  The 
molder  should  make  the  best  use  of  his  manual  skill  and 
intelligence  in  performing  the  work  assigned  to  him,  and  the 
foreman  and  superintendent  should  carefully  plan  and  direct 
the  work. 
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(PART  2,) 


SMALL   MACHINES   AND   APPARATUS. 


FLASKS,    CORE   ROOMS,    AND    CLEANING 
OUTFITS. 


FLASKS. 

1.  Flasks  are  the  most  important  appliances  used  in 
molding  operations.  They  vary  in  size  according  to  the 
class  of  work  to  be  made,  and  should  be  selected  so  that 
the  use  of  the  smallest  quantity  of  molding  sand  will  produce 
good  castings,  but  at  the  same  time  large  enough  to  prevent 
the  loss  of  castings  on  account  of  an  insufficient  body  <>t 
sand  to  hold  the  metal  in  place.  Flasks  should  be  made  as 
light  in  weight  as  possible  without  impairing  their  strength 
and  stiffness,  so  as  to  be  easily  and  cheaply  handled.  Nearly 
all  foundries  confine  their  operations  to  the  production  <>t 
castings  of  one  class,  or  at  most  to  only  a  few  classes.  Job- 
bing foundries  are  at  a  disadvantage  in  this  respect,  as  they 
are  compelled  to  keep  a  large  assortment  of  flasks.  Specialty 
foundries  have  the  best  opportunity  to  cut  down  the  variety 
of  flasks  to  a  minimum. 

§50 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 


I 


F<  SUNDRY    APPLIANCES, 


:•«> 


?.     Largf  \\ooiicn  i  i.ixLx.  ishowsaili^ 

heavy  work.      It  is  made  lumber,  the  side 

;ng    grooved     to 
receive  ti 
t  h  e  e  1 1  d 
and    the 

ln-lil       srcurcly      to- 
gether  1>\ 
bolts*  with  mi: 

/'.  Trun- 
nions r  are  provided 
at  the  ends  of  : 

that  they 
may  he  raised  or 

turned   liy  me.. 

is    shown    a    wooden 

fla>k     designed     t"«»r 

work      of      medium 

weight      I 

haveexten 

whieli      serve     as 

bandit 

whieli  the  11. 

t»e  lifted  and   tin  iand.      The-  ened 

to  the  ends  c  by  means  <>\  ;u  is.     A 

p  of  wood  e,  '.  between   tin- 

strips /,/,  fastened  to  the  cope,  which  serve  to  keep  tin- 
two  <jtiarc    with    each    other.       II- 
wooden  flanks   may  ftlgO  I"'   ^t  i  eny-t In-tied   by  corner  bio. 
Wooden  :  rood,   hemlock.  Mi- 
chestnut  lumber. 


,'{.      Large  lion    i  i.ixks.      In   Itecl  foundries  where  the 

ven,  the  flanks  mu 

The  •  nn-tal    ]-', 

medium  thickness  re<  ibs  b  on  i 


§50  FOUNDRY   APPLIANCES.  3 

bottom  board  c  is  held  to  the  flask  by  means  of  U-shaped 
clamps  d  and  wedges.  Either  cast  iron,  wrought  iron,  or 
steel  is  used  in  the 
construction  of  this 
style  of  flasks,  and 
the  sides  and  ends 
are  either  bolted  or 
riveted  together. 
Steel  flasks  for  large 
work  are  sometimes 
made  so  that  they 
can  readily  be  in- 
creased or  decreased 
in  size  so  as  to  accommodate  work  of  different  sizes.  This 
is  done  by  making  both  the  sides  and  ends  of  the  flasks  of 
two  pieces  that  overlap  and  are  provided  with  a  series  of 
holes  so  that  they  may  be  bolted  together  to  make  up  differ- 
ent sizes. 

4.  While  large  castings  are  usually  molded  in  loam,  the 
disadvantages  of  this  method  as  compared  with  dry-sand 
molding  in  flasks  are  thought  by  some  founders  to  outweigh 
the  advantages,  and  they  have  adopted  the  latter  method. 
The  first  cost  of  making  a  large  iron  flask  with  all  the 
necessary  appliances  for  dry-sand  molding  is  much  greater 
than  that  for  the  preparation,  materials,  and  appliances  for 
molding  the  casting  in  loam,  but  when  a  number  of  the 
castings  is  required,  the  lower  first  cost  of  the  loam-molding 
equipment  is  offset  by  the  lower  cost  of  the  dry-sand  mold 
when  once  the  necessary  appliances  are  provided,  and  hence 
if  a  large  number  of  heavy  castings  from  a  given  pattern 
is  required,  it  is  generally  cheaper  to  use  dry-sand  molds. 
The  cleanliness  of  the  molding  floor  and  the  economy  of 
time  and  flopr  space  are  also  in  favor  of  the  molding  in 
flasks.  The  relative  prices  of  sweeps  and  patterns  used  in 
both  methods  will  depend  on  the  form  of  the  casting. 

In  Fig.  3  is  shown  an  iron  flask  for  molding  the  43-ton 
engine  bedplate,  shown  in  Fig.  4;  the  side  and  end  elevations 


FOUNDRY  AIM'! 
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5  (d),  (*), 
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and   (/).      The  bedplate  is  molded   upside  down,  n   by 

5     ,/i  and   u-i.  because  the     |  and 

:iat  at  the  bottom  of  tin-  muld. 
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through  tlie  fl  alonx 

the     ed;;es      ;u  t  he 

tt  I      '  '  r-.  ;    that    b  Q  Ol 

b  are  lifted  b- 
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The  drag  f,  Fig.  5  (  L/on  the  bottom 

t.  ed  in  a  pit  about  7  feet  deep.     The  found 
the  drag  I  ^  on  two 

bearing!'  tend  lengthwise  at  tin- 

sides  of  t  The  button  iade  of  J 

ml  on  th-    I 
and  (f),  about    in  inches  deep,  is  spread  on  th< 

<-d  by  a  number  of  1-inch  wrou^ht-iron  pi;  dinj; 

through  the  sides  of  the  drag  and  brought  to  -, 
the  foundry  floor  by  the  i :  iiown  in 

on  top  of  tlu-  risers  are  used  to  prevent  sand   from  enter- 
ing the  pipes,  and  are  removed  when  the  mold   is   1 
poured. 

ie  lower  portion/of  the  drag  is  8  ft    11  in.    <  n  ft.  :»  in. 

1  the  larger  part  e  is  17  ft.  4  in.  x  Ml  ft.  I 
X  4  ft.  s  in.  The  cope  is  in  two  pieces,/' and  X\  Fitf-  B 
united  by  a  diagonal  joint/.  A  tapered  dry-sand  con 
Fig.  5  (</  «•  the  mold  after  the  two  par 

the  cope  are  in  place,  the  opening  serving  for  an  enti. 
fora  molder    t«»  inspect    the  mold  before    it    is  finally  b 
together.     The  core  arbor  for  holding  the  core  ;// 
at  J,  Fig.  5  (/). 

The  Cf"  'ig.  5  (c)  and    (,/).  art  iron  and 

are   fastened  to  the  sides  of  the  cope   by   m  bolts 

^CS  O  at  each  end  «»f   the  bars  and   slots /•  in   the 
cope,  the   slots   permitting  lateral    adjuMnn-nt    of    : 
The  cros  ire  elevated    in   a   p<  the  cop< 

shown  at  q,  to  allow  room   for  the  extension  of  the  coi 
The  estimated  w<  .-op«-  wln-n  rammed  with 

ind  the    parts  «.f    the  llask 

securely  together  to  prevent  the  molten  in  -n  lifting 

the  cope.     A  ted   I   beams  /.I 

acro^  The  m  length 

ie  cope,  and  are 

which  elevate  the  I  I-  .\-ethe  pn.jeeti.ui 

of  the  mold.     The  ends  of  th-  •  \tcnd  over  tin- 

sides  of  the  mold  an,: 
iron  bars  in  t 
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and  rods  w,  Fig.  3,  the  tension  being  regulated  by  meai 
turnbuckles  x  in  the  rods. 

5.  Flask  Pins. — In  order  to  hold  the  two  parts  of  a 
flask  together  and  to  have  them  accurately  match  each  other, 
it  is  necessary  to  fit  one  part  with  two  or  more  pins  and  the 
other  with  sockets  to  correspond  with  the  pins.  Flask  pins 
are  made  of  round,  square,  triangular,  or  diamond-shaped 
cross-sections.  Any  of  these  forms  is  satisfactory  pro- 
vided the  pin  is  well  made  and  carefully  fitted.  They  are 


FIG.  6. 


made  of  cast  iron,  malleable  iron,  brass,  or  steel,  and  in 
some  cases  deep  wooden  flasks  have  strips  of  wood  of  the 
form  shown  at  e  and  /,  Fig.  1  (£),  in  place  of  pins.  Strips 
of  this  form  are  sometimes  placed  on  deep  flasks  in  addition 
to  the  regular  style  of  pins.  Fig.  6  (a)  shows  a  solid  pin, 
(b)  an  adjustable  one,  and  (c)  a  steel  pin.  The  flask  pin 
shown  at  a  and  in  vertical  section  at  a\  Fig.  <',  (,/).  is  cast 
solid  with  the  lug  b  and  the  plate  that  is  fastened  to  the 
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drag  by  means  of  the  sen 

-</ on  the  cope.     The  adjoin- 
ing t  \vlu-ii  tl:< 

,  the 

iilr    molding  will 
wren  tlic  rope  and  drag. 
Small  --n     niul." 

n    suita: 

from  :>  to  .|  inch- 
lengtli    o\«-r  all,  and   all    the    j  machined.      Tin-  pin 

into  the  hole  in  ti  d  a  cylindrical  p 

that  d  into  a  hole 

in  the  lug  on  the  thiv. 

end  of   tlic    pin    that  (Ian,  shoulder  f  OD 
the  pin. 

<>.      i'  !   usually  have   four   pins. 

near'  round  flasks,  three  pins.     Where  i! 

are  not  interchangeable,  the  pi-  .juently  made  adjust 

Ut    ot 

shape  from  u  tely.     As 

a  rule,   only  small   ll.  ..m-cahle  on 

lat    the  •    lar«;«-    f; 

bec(»r  -  will  MO:  bows 

il-T    l.y   inea 
Hist.-d    under   the 
I  MUIV;  lit 

between  the  pin,.-  V-shapt-d 

lie  edge  • 

^••d  by  two  gr  -sjtondii,                 'ions 
in  t 

n  in 

0  ('/).     The  pin  I  to  the  drag  by  i 

••screws.     Thes<"  de  in  two  pieces  ^ 

and  c  fastened  tc>^  of  a  J-inch  bolt  </,  through 
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a  slot  c  in  the  movable  part  £,  and  permits  the  latter  to  be 
adjusted  so  that  when  the  cope  and  dr.i^  arc  put  together, 
the  pins  a  fit  into  the  V-shaped  groove  in  the  edge  of  the 
adjustable  part  b  of  the  socket,  freely,  yet  without  any 
unnecessary  lost  motion. 

7.  Cross-Bars. — Cross-bars  are  frequently  introduced 
into  the  cope  portion  of  a  flask  to  support  the  sand.      The 
cross-bars  //,  shown  in  Fig.  1  (V)  and  at  /r,  V\g.  7  (tf)  and  (/;), 
are  preferably  made  removable  to  facilitate  the  adaptation 
of  the  same  flask  to  different  patterns.      The  wooden  (toss- 
bars  are    generally   made    tapering  toward    the   bottom  .;', 
Fig.  7  (^),  and  a  part  of  each  bar.  is  usually  cut    away  from 
the  lower  side,  as  shown  at/,  Fig.  7  (rf),  so  as  to  conform  to 
the  shape  of  the  patterns  to  be  molded.      It  is  an  advantage 
to  make  cross-bars  of  cast  iron  if  they  are  to  be   used   for 
standard  work,  as  they  are  inexpensive,  strong,  and  service- 
able.    If  made  of  cast  iron,   they  are  preferably  provided 
at  each  end  with  a  flange  £,  Fig.  7  (tf),  by  means  of  which 
they  are  bolted  to  the  sides  c  of  the  flask,  and  should  be  pro- 
vided with  either  holes  or  projecting  pins  to  assist  in  sup- 
porting  the   mofding   sand.      In   order   that   gaggeis   </,   //, 
Fig.  7  (a)  and  ($),  may  be  used  safely  and  conveniently,  the 
top  edge  of  the  cross-bars  should  stand  about  1  inch  or  more 
below  the  top  edge  of  the  flask,  so  that  when  one  end   is 
hung  over  the  cross-bars  it  will  not  project  beyond  the  top 
surface  of  the  mold. 

8.  When  long  cast-iron  cross-bars  are  used,  they  must 
be  supported  by  cross-braces  to  prevent  them  springing  side- 
wise  out  of  a  straight  line  when  the  sand  in  the  flask  is  being 
rammed.     Cast-iron  cross-bars  are  also  put  closer  together 
than  wooden  ones.     In   Fig.  7   (c)  and    (d)  are  shown  two 
methods  of  bracing  cast-iron  cross-bars.     The  cheaper  and 
easier  method  is  to  drive  wooden  blocks  /  between  the  cross- 
bars //,  as  shown  in   Fig.  7  (c},  using  one  or  more  rows  of 
blocks,  depending  on  the  length  of  the  cross-bars  h.     The 
blocks  are  placed  between  the  bars,  as  shown  at  k,  Fig.  7  (c), 
and  then  driven  so  as  to  stand  square,  as  shown  at  i.     The 
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tendency  of  the  wood  braces  is  to  bul^r  the  ends  of  tin-  lla-k. 
The  ramming  of  the  sand  also  bulges  tin-  cuds  of  tin-  fla>k 
and  tends  to  loosen  the  braces.  The  better  method  to  brace 
the  cross-bars  is  to  use  cast-iron  piVres  /,  which  arc  \» 
to  the  cross-bars  h  and  to  the  ends  of  the  flask  c  and  /,  as 
shown  in  Fig.  7  (</);  these  iron  pieces  act  both  as  braces 
and  ties.  The  bolts  ;;/  pass  through  holes  in  the  flanges  of 
the  braces  and  slots  in  the  cross-bars,  the  slots  permitting  a 
lateral  adjustment  of  the  braces. 

9.  Small  Iron  Flasks. —  Jobbing  foundries,  almost 
without  exception,  use  wooden  flasks  exclusively,  while 
specialty  and  brass  foundries  generally  use  iron  flasks.  Iron 


FIG.  8. 

flasks  give  better  satisfaction  than  wooden  ones ;  they  have 
a  longer  life,  are  stiffer,  do  not  burn,  and  are  safe  and 
convenient  to  handle.  They  are  specially  designed  to  obtain 
strength  and  light  weight;  standard  sizes  are  from  12 
to  60  inches  in  length  and  from  4  to  16  inches  in  total  depth. 
For  the  purpose  of  holding  the  sand  in  the  flasks,  the  interior 
edges  are  provided  with  horizontal  ribs  at  the  top,  bottom, 
and  parting  lines,  as  shown  at  a,  Fig.  8  (a),  and  sometimes, 
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in  a-:                      thcsr  With  double- beveled    ribs  ti  and   prrprii- 
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from  the  mold.  The  inside  faces  are  usually  grooved  as 
shown  at  £,  to  assist  in  molding  the  sand  while  removing 
the  flasks.  The  flasks  are  sometimes  made  with  a  tap«-r. 
being  larger  at  the  bottom  than  at  the  top,  so  as  to  facilitate 
the  application  of  slip  boxes  over  the  molds  after  the  flasks 
have  been  removed.  Snap  flasks  are  made  of  white  wood,  or 
selected  cherry,  well  saturated  with  boiled  linseed  oil,  and 
are  rectangular,  square,  or  round,  as  shown  in  Fig.  7  (tf), 
(/;),  and  (c).  The  parting  line  is  sometimes  of  special  form, 
as  shown  at  d,  Fig.  9  (/>),  to  conform  to  that  of  the  patterns. 
The  flasks  should  be  light  and  strong  with  the  corners  iron- 
bound,  as  shown  at  ^,  ^,  Fig.  9  (a)  and  ( b).  The  clasps  are 
made  of  malleable  iron,  and  should  be  quick  acting  and 
good  fitting. 

Standard  sizes  of  snap  flasks  vary  from  9  to  12  inches  in 
width  by  10  to  20  inches  in  length,  and  the  copes  and  drags 
vary  from  2  to  6  inches  in  depth. 

1  1.  Nests  of  Flasks. — Iron  flasks  if  constructed  so  as 
to  be  fastened  together  by  means  of  hooks  and  pins,  as  shown 


FIG.  10. 


in  Fig.  10  (a),  are  used  in  nests  for  multiple  molding.     With 
this  style  of  flask  each  section  forms  the  cope  for  one  mold 
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and   tin-  drag   for   the   section   ininurcliately  above  it.     The 

i  a  half  mold  «.n  each 

plctc  mold  betwec 

a  sprue,  except  the  b<  method  ..f  n 

ing  saves  time,  saiul.  I  .pplied  t 

rougher   -  I   *implc 

h   weigh'  pipe 

;cs,  Stove  lids,  etc.      Nest    m«  •  llflO  done  in 

.e  another  and  the 
.it  has  h. 
in  th:  '  (/*). 

I  '^.      liilcrcli:uiuc:ililc  K  nock -I  >o\\  n  I'kiskH. — It 

changeable  kin«'k-tl'»\vn   ;'  i"iir  independent 

pieces  interlocked  when  pin   t<>v;rth. -r  l.y 

and  tongues  and  tpiick-actin^  clamps.      Ti,  ^iioiild  be 

taken  apart  when  n«>t  in  use,  as  in  t  his  condition  they  occupy 
but  !  <•.  and  they  ran  be  conveniently  stored  in  bins 

or  on  shelves  in  the  foundry.     They  are  <  bled, 

kly  changed  from  Mother,  and  permit  a  b 

ty  of  ditTerent  sizes  to  be  selected  from  a  comparatively 
ill  number  of  pai 

I  .'{.      Mold    and    Itoftoni    Hoards. — Mold   and    bottom 

•  rm  a  ne« -»->^ary  ;  1C  ecjuipment  <>f  foun-:- 

.   should  COnf<  Masks.       i 

board  and  as  many  bottom 
:i   one  day.      The   mold  ),. 
the  better^;  wood 

stri]'  I   their  ends  by  means  of  grooves 

The  bottom   b  pine 

and  have  two  or  i  r  the 

handling.       M  ideof 

livjli'  ll8,  but   l.ot|..m  boards  mu 

large  ones  should  In-  thick. 

boards  are  used  during  the  process  of  molding  only;  bol 
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hoards  are  clamped  to  the  flasks  and  remain  under  tin-in 
until  the  molds  have  been  poured  off  and  shaken  out.  Both 
should  be  kept  in  good  condition,  as  it  is  v«  r\  important 
that  neither  of  them  become  twisted  or  warped. 


com:  ROOMS. 

14.     Core-Room   Arrangement. — The  core  room 

jobbing  foundries  are  generally  much  neglected  plae. 


FIG.  11. 

making  is  frequently  done  in  rooms  that  are  poorly  lighted, 
overcrowded,  and  with  very  inferior  equipment.  In  1, 
foundries,  and  especially  in  those  making  specialties,  the 
conditions  are  usually  different.  The  importance  of  having 
good  cores  is  here  generally  more  fully  recognized,  as  it  is 
well  known  that  poor  cores  are  a  source  of  considerable  loss 
in  molding.  Items  that  may  be  small  in  small  shops  become 
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large  in  large  sho  systemat  :ny  and  the  cur- 

•igemellt  of  a 

room.      It    should,    h  <  hat    the 

I  ell    as  the  details   depend    entirely 
•  1  that  the  equip- 
ment  of  : 

roomiseith<:  undry  building  or  an  ann< 

it.      Hen«  Modern  plant  it  has  substantial  brick  walls, 

as  shown  at  <i,  F  :th  a  good  supply  of  light  tin 

large  around   three  sides  of  the  room.      The 

room    should   have    plenty  of   overhead    air    space    and    be 
equipped  witi  andard  heating  and  ventilating  system. 

•mid   have    plenty  of  floor   room   for  all   the    mad 
benches,  over  m  office  f.-r  the  foreman. 

rooms     in    foundries     making    extra  lar^e     v. 
equipped   with   overhead    travelii,.  t,   jib    ci 

15.     Core  llcnclicM. — The  core  makers'  bench- 

.inged  along   the   walls   in  :    the 

windows,  so    as  to    have   an    abundance   of    light.     E 
benches  should  be   substantially  built,  and   have   shelves  and 
for   core   rods   and  d  drawers    for  tools  and 

lies.     The  top  of  the  bench  should  be  large  enou-h   to 
a   liberal    quantity  of  Core    sand,  and    be   lilted  with   a 
planed    «  plate.  sand   may  be  delivered 

through  chutes  //,  which  terminate  about   1 
above   the    be  mostly    mad- 

hand  in  >re  boxes  of  wood  I,      The  hut- 

prefe  large  numbers  of   cores  are   requii- 

they  will  keep  smooth 

ipe. 

I  <>.      Corc-llox  Vine. — Ini 

or  clamp  for  holding  \vliile    the 

made.       !  :    to    the 

;    two  adj  ;>  held  in  t  wo  movable 

[fl  the 
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needle  /,  which  is  used  to  vent  the  core  i.     The  need: 

withdrawn    from    the 

center  of  the  core  i 

by    moving    the 

slide  g  by  means  of 

the    handle    /.      The 

clamp    screws    move 

outwards  and  release 

the  core  box  when  the 

pressure    is    relieved 

from  the  foot-lever  /. 

17.  Core  Racks. 

A  t  core  room  should 
have  conveniently 
located  racks,  shown 
at  k,  Fig.  11,  with 
ample  storage  capac- 
ity, equally  accessible  to  the  core  makers  and  the  oven 
tenders.  They  are  preferably  arranged  between  the  core 
benches  c  and  the  ovens  w,  with  a  wide  passageway  on  both 
sides.  These  racks  consist  of  a  series  of  open  and  narrow 
shelves  that  permit  the  cores  deposited  on  one  side  by  the 
makers  to  be  reached  by  the  men  charging  the  ovens  on  the 
other  side.  This  transfer  shelf  should  be  of  the  same  height 
as  the  benches.  The  lower  shelves  serve  for  empty  core 
plates,  and  the  upper  ones  for  finished  cores.  The  racks 
should  have  passageways  v  between  them  at  intervals,  to  allow 
free  communication  between  the  benches  and  ovens. 

18.  Core  Plates. — The  cores  are  placed  on  iron  plates 
and  deposited  in  an  oven  to  be  dried  and  baked.     These 
core  plates  should  have  a  true  planed  surface.     If  warped 
plates  are  used  for  drying  the  halves  of  pasted  cores,  it  will  be 
found  necessary  to  rub  the  faces  of  the  cores  together  until 
they  make   a   good  joint.     But   this   practice  is  not  to  be 
recommended,  as  it  will  be  found  that  such  cores  are  usually 
out  of  shape  and  not  true  to  size,  and  consequently  will  not 
produce  satisfactory  castings.     Core  plates  should  be  drilU-d 
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with  small  holes  countersunk  on  the  lower  side.     These  will 
aid  both  in  the  vein  Ha  ;nd  decrease  tl 

of  tli  ly  placed 

on  drying  plates  with  of  the  same  shapes  as  the  base 

of  the  cores,  as  this  will  insure  true  cores. 
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an  evenly  distributed  and  constant  temperature.  Ovens 
are  fired  with  any  of  the  ordinary  fuels,  but  cither  g. 
coke  is  preferable.  A  small  portable  oven  is  shown  in 
Fig.  13  (a).  It  has  shelves  a  fastened  to  the  back  of  hinged 
doors  b.  The  shelves  are  cast-iron  gratings  that  allow  a 
free  circulation  of  the  heat  about  the  cores  e  that  ar< 
plates  din  the  oven.  A  baffle  plate  c,  supporting  tin:  shdf 
and  fastened  to  the  door  at  right  angles  to  it,  serves  to  close 
the  opening  and  prevent  the  loss  of  heat  when  the  door  is 
wide  open.  In  another  form  of  oven  the  shelf  is  hinged  at 
the  middle,  as  shown  in  Fig.  13  (b),  and  the  door  itself 
serves  as  the  baffle  plate  and  closes  the  opening  when  turned 
through  a  half  circle  from  its  original  closed  position.  The 
hinged  form  of  shelf  is  desirable,  as  it  can  be  brought  into  a 
convenient  position  to  receive  the  cores  or  to  remove  them 
from  it.  The  body  of  such  ovens  is  usually  of  sheet  iron 
made  double,  the  space  between  the  inner  and  outer  walls 
being  either  filled  with  some  material  that  is  a  non-conductor 
of  heat,  or  simply  a  closed  air  chamber  that  prevents  quite 
effectively  the  loss  of  heat.  The  furnace  is  at  the  rear  of 
the  oven,  and  the  flues  are  arranged  so  as  to  distribute  the 
heat  evenly  to  the  shelves.  The  stationary  form  of  oven 
having  either  hinged  or  stationary  shelves  is  usually  set  in 
brickwork,  and  the  furnace  is  located  in  the  bottom  or  at 
the  side,  whichever  is  most  convenient. 

2O.  A  stationary  oven  for  drying  small  and  medium- 
sized  cores  is  shown  in  Fig.  14.  *  It  is  made  of  cast-iron  plates 
bolted  together  and  supported  by  brickwork.  The  oven  is 
closed  by  two  hinged  iron  doors  #,  a;  the  cores  b  are  placed 
on  individual  plates  c  and  deposited  on  the  shelves  d,  which 
are  made  of  gratings  to  allow  a  free  circulation  of  the  heat. 
The  furnace  c  is  under  one  end  of  the  oven  and  enclosed  in 
brick  with  an  ash-pit  /  below  the  floor.  The  heat  and  burned 
gases  pass  from  the  top  of  the  furnace  through  the  openings 
in  the  shelves  and  out  the  flue  g  at  the  upper  corner  of  the 
farthest  end.  In  another  style  of  core  oven,  the  shelves  are 
arranged  in  the  form  of  drawers  equipped  with  rollers  that 
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run  on  rails.     The  outer  ends  of  th«-  they  are 

drawn  from  the  oven,  an  Ueyi  running  on 

overhead 

For  large  work  the  ovens  usually  have  shelves  on  th<  sides, 
and  a  wide  space  in  t  1  with 

floor  to  receive  iron  trucks  on  which  the  large  cores  are 
deposited;  the  trucks  remain  in  the  oven  until  the  cores 
are  dried.  In  some  cases  the  trucks  arc  loaded  with  the 


cores  in  the  core  room,  whilr  in  others  the  t  nicks  only  ; 
their  own  length,  wh.  ,il  to  thai  Oi   the  <  d  tin- 

cores  are   tra  m    other   trm  U.       In    the 

latt< 

the  rear  auto- 

i    into  th< 

truck  is  on  the  « 
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The  cars  may  be  moved  either  by  hand  or  mechanically.  In 
some  cases  the  doors  open  by  sliding  upw;,  \veen 

guides  by  means  of  chains  and  counterweights. 

21.  Antifriction  Trucks. — Some  form  of  antifriction 
or  roller  bearings  requiring  no  lubrication  is  used  on  the  i  mi- 
trucks  used  in  core  ovens.     In  _ 
Fig.   15  is  illustrated  a  truck 

without  journal-boxes  that  is 
sometimes  used  for  this  pur- 
pose. The  support  for  the  car 
frame  consists  of  a  casting  a 
having  two  lugs  b,  b  at  the 
ends,  which  serve  as  stops  to 
prevent  the  axle  c  from  rolling 
off  the  plate.  The  proper  = 
proportion  of  the  parts  should 

be  such  that  the  distance  d  between  the  center  of  the  shaft 
in  its  two  extreme  positions  is  to  the  distance  the  car  is  to 
be  moved  on  the  tracks  e  as  the  diameter  of  the  shaft  c  is  to 
the  diameter  of  the  wheel  f.  Some  style  of  antifriction 
truck  is  also  used  in  the  large  core  and  drying  ovens  in  steel 
foundries  where  the  entire  molds  must  be  dried  before  the 
metal  is  poured.  For  the  heaviest  work,  especially  in 
annealing  furnaces,  the  trucks  are  moved  on  smooth  iron 
balls  that  are  laid  in  V-shaped  tracks,  the  supporting  side. 
frames  of  the  trucks  being  of  a  similar  form,  but  inverted  so 
as  to  fit  over  the  row  of  balls. 

22.  Machine-Made  Cores.— It  is  only  recently  that 
any  cores  have  been   made  by  machinery.     The  fact  that 
most  of  the  cores  are  made  by  hand  is,  however,  no  good  rea- 
son   why    they    cannot    be   made   better    and    cheaper    by 
machinery,  especially  those  cores  with  uniform  cross-sections. 
But  as  yet  there  is  no  universal  machine  suitable  for  all  condi- 
tions; it  requires  a  greater  variety  of  special  appliances  to 
produce  the  various  shaped  cores  than  it  does  to  make  the 
molds  for  the  castings. 
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In   Fig.  16  /  .achine  t"«>i   making  cylin<: 

and  prismatic  cores  of 

•her    liy    hand    <>r  by    power, 
machine  illustrated  < 
the  movable  parts  and  the  vertical  hopper  b  fur  holdin. 


16. 

core  mixture.   The  hopper  with  the  one-half  /•  remov- 

!    t<>   aid    in   adjusting 

the  feeder  spindle  </  and  changing  the  bit  c  in  the   ma<  : 
The    bit  i    in    an    enla:  |,      A 

f%  having  a  h«»l«-  of  th<-  M 

The  ipplicd  with 
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with  bits  to  work  with  them.  To  operate  the  machine,  a 
tube  having  the  desired  opening  and  a  bit  corresponding  to 
it  are  selected;  the  tube  is  inserted  into  the  socket  £•,  and 
the  shank  //,  Fig.  16  (£),  of  the  bit  is  inserted  into  the  s« 
of  the  crank-shaft  *,  Fig.  16  (a).  The  point/,  Fig.  10  (£), 
of  the  bit  extends  into  the  center  of  the  opening  in  the  inner 
end  of  the  .tube  /,  Fig.  16  (a).  The  core  material,  whirli 
should  be  thoroughly  mixed  and  sifted,  is  fed  into  the  hopper. 

23.  The   proportions   of   the   mixture   used   in   such  a 
machine  may  vary  considerably.     In  some  work  a  mixture 
of  the  following  proportions  is  satisfactory:  6  quarts  of  core 
sand,  1  quart  of  flour,  and  1  gill'  of  raw  linseed  oil;  while 
for  other  work  as  much  as  12  to  15  parts  of  sand  to  1  of  flour 
is  used.     The  use  of  oil  enables  cores  to  be  kept  in  stock 
indefinitely  and  also  lubricates  the  machines.     When  the  bit 
is  revolved,  it  forces  the  material  from  the  hopper  through 
the  tube  and  forms  a  continuous  straight  core  vented  from 
end  to  end  through  the  center.     The  core  k,  Fig.  16  (a),  is 
received  on  a  metal  tray  /  placed  in  a  horizontal  position 
under  the  outer  end  of  the  tube/";  the  shape  of  the  grooves 
in  the  tray  should  conform  to  the  form  of  the  core.    The  core 
is  cut  into  suitable  lengths  and  dried  in  the  oven.     Fig.  10  (c) 
shows  the  sizes  of  some  of  the  cores  made  by  this  machine. 

24.  Machines  are  sometimes  used  for  making  green-sand 
cores.     The  different  machines  vary  greatly,  in  some  cases 
simply  consisting   of   adjustable  boxes  various  portions  of 
which  can  be  quickly  and  easily  withdrawn  from  openings 
in  or  removed  from  about  the  core  when  it  is  completed.     In 
some   cases   special    core    barrels  are   also   used,    and   the 
machines  support  these  while  the  sand   is  rammed  about 
them.     In  reality  these  green-sand  core  machines  are  simply 
molding  machines  used  for  molding  green-sand   cores,  and 
they  may  be  similar  to  any  one  of  the  several  classes  of 
molding  machines  described  in  Machine  Molding. 

25.  In  Fig.  17  is  shown  a  hydraulic  core-making  machine 
designed  for  the  production  of  cores  of  irregular  cross-sec- 
tions and  of  moderate  sizes,  as  those  required  for  molding 
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pipe  fittings,  cock  hine  consists  of  a 

bedplate   with  a  t  /.  a  IIK-V- 

fcble  table  £,  "which  supports  th<  ::ied  uj>\\ 

by  the  piston  of  a   hydraulic   cylimle:  .1  by  the 


PlO.    17 

two  telescope  guides  d,  if.     The  table  b,  with  the  work  on  it, 

ised  into  eontai  t  with  th<  iic.ul  by  means  of  the 

hand   lever   c,  \vhidi  acts   through   the   sliaft  /  and  am 

hydraulic    j.;  ,i|.|)lied    by    nx-ans  <»t    the 

lever  /•.  and  compressed  to  t  d  hanliK 

Fig.  18  illn 

^  tlie  cock  shown  in   l-'i-  .  ih<-  linislied  core 

being  shown   in    1  d  to  form  I  his 

core  in  the  pi-  \  n  in  Fi 

The  core  JHJV- 

alent  in  volume  and  ; 

finished  core,  :  I  final  si 

The  sand  is  blocked  out  by  u  atrix  b,  Fig.  18  (c),  in 
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addition  to  the  customary  half  core  boxes  a  and  c,  which 
has  an  opening  corresponding  to  the  outline  of  the  core. 
The  matrix  is  placed 
on  the  bottom  half  c 
of  the  core  box,  as 
shown  in  Fig.  18 
(</),  and  the  sand 
rammed  into  the 
opening.  The  ma- 
trix is  then  re- 
moved, leaving  the 
sand  as  shown  in 
Fig.  18  (e),  and  the 
upper  half  a  of  the 
core  box  put  in  its 
place  and  the  sand 
compressed  to  the 
form  shown  in 
Fig.  18  (/).  The 
completed  core  is 
shown  on  the  bot- 
tom half  c  of  the 
box  in  Fig.  18  (g). 
Owing  to  the  heavy  pressure  used,  the  cores  are  consider- 
ably harder  than  those  made  by  hand. 

The  three  principal  steps  in  the  process  are  also  shown  on 


m 


c 

(f) 


FIG.  18. 


(a) 


(*) 

FIG.  10. 


the  table  of  the  machine  in  Fig.  19  (a),  (£),  and  (c).  In  Fig.  19 
(a)  is  shown  the  compressed  sand  a  resting  on  the  lower 


M»KY   APPLIAN< 


half  of  the  core  box  b  after  the  matrix  has  been  remo 
in   Fig.  19  (b}  is  shown  the  sand  <i  after  the  appli 
the  top  half  of  the  core  box,  and  Fig.  19  (c)  sho\\ 

core  a  supported  by 
the  ends  of  the 
fening  nxls  b,  b,  t he- 
lower  half  of  t  he- 
core  box  having  been 
removed. 

26.    Corc-KotI 


Core  rods  that  have 
been  used  are  nearly 

always  crooked  a  n  tl 
in  an  unfit  condition 
for  storing,  and  it  is 
desirable  to  have 
them  straight* 
when  they  are  re- 
turned from  the 
molding  floor.  In 
Fig.  20  (,/)  and  (/;) 
,<>wn  a  machine 
designed  for  this  pur- 
pose. The  bod 
the  machine  contains 
a  revolv:  .Ali- 

ening   mechanism 
that    is  ted  by 

run- 
on  the  pull- 
Tin-  crooked  rods  />,/>, 

Fig.  are  made 

to  enter  the  machine 
through    hardened 
circular     bushings    C 
;it     through     similar    bushings    on    the 
side   of    tin'  wn    at    </,    Fig.  4,»0  (/;). 
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27.     Wire-Cutter. — A  wire  cutter  of  the  form  shown 
in  Fig.  21  is  a  useful  machine  for  a  core  room.     It  consists 


FIG.  21.  Fir,.  22. 

of  a  lever  a  that  operates  a  shear  blade  b  and  cuts  off  the 
wire  to  any  desired  length  when  drawn  through  the  holes  c. 

28  Rosin  Grinder. — When  rosin  is  used  in  core  mix- 
tures, it  is  necessary  to  prepare  it  by  pulverizing  the  lumps. 
A  machine  for  this  purpose  is  shown  in  Fig.  22  and  consists 
of  a  cylinder  a  with  projections  b  on  the  outside,  and  which 
is  made  to  rotate  rapidly  by  means  of  a  belt  on  the  pulley  c. 
The  rosin  is  placed  in  a  box  d  that  is  open  on  the  inside  and 
fits  closely  around  the  lower  portion  of  the  cylinder.  The 
pulverized  rosin  passes  through  a  screen  in  the  bottom  of 
the  box  d  and  is  removed  through  a  door  e.  The  frame  of 
the  machine  is  made  of  wood  and  is  enclosed  in  a  dust-tight 
case.  A  hinged  lid /"covers  the  cylinder. 

Another  form  of  rosin  grinder  resembles  a  tumbling  barrel. 
It  is  made  of  metal  and  is  dust-tight.  The  lumps  of  rosin  are 
pulverized  in  the  barrel  by  means  of  two  pieces  of  shafting, 
lying  loose  on  the  bottom,  that  roll  against  each  other  as  the 
barrel  revolves. 

CLEANING-ROOM    EQUII'MKNT. 

29.  Methods  of  Cleaning  Castings. — Flasks  are  sha- 
ken out  as  soon  as  the  nature  of  the  casting  permits  and  piled 
up  or  distributed  where  most  convenient  for  the  molders; 
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the  sand  is  cut  up,  freed  i  fins,  carefully 

•id  tempered  !    in  new  molds.      The 

castings.'  .  the  gates  kr.  ".and 

then  del;  room.  aned 

from  all  adh- 

and  gates  and  ti:,  :  urn- 

bled,    Sand    b  d,    Around,    wek 

counted,  recorded,  and  placed  in  storage  or  shipped. 

Large  «  .  cniently 

ried  from  one  depart  nun:  her  are  generally  cleaned 

'he  foundry  llnor,  where   they  can  <  nicntly  han- 

dled by  cranes.     The  smaller  «»nes  are  gei  an<d  in 

tumbling  barrels,   pickling   baths,   sand-blast  chambers,  or 
blast  tumblers. 

CIO.       Pneumatic     Chipping      Hammer.  — The     hand 
clean  the    bench    and    floor    is   done    by    meat 

hammers  and  chis- 
els, steel  brushes, 
p  n  e  u  in  a  t  i  c  ham- 

grinders,  etc.     A 
f  o  r  m    of     p  11  e  u  - 
m  a  t  i  c    chipping 
hammer    t  i 
used    for    trimming 
is    shown 
;.    ',>:{    (,/).       It 
Ifl     air 

cylinder    a    with    a 
•  in-  pist«»n 
to  which  is  at; 
a  chuck  for  the  pur- 
6    of    holdiii 

clliscl    /;.         '1 

prc  that  op- 

<n    is 

supp'  uv;h  a   b  .i   of  the 

ile.     A  valve  thumb,   .  the 
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admission  of  the  air  for  the  purpose  of  starting  and  stop- 
ping the  hammer.  The  construction  of  the  hamm< 
such  that  the  piston  serves  as  a  valve  to  control  the  admis- 
sion of  the  air  and  its  exhaust  from  the  cylinder,  and  auto- 
matically reverses  its  motion  at  both  ends  of  the  Mn>k<-. 
After  forcing  the  piston  outwards,  the  air  exhausts  through 
the  holes  e.  The  hammer  is  held  firmly  in  both  hands,  as 
shown  in  Fig.  23  (£),  and  the  blows  are  struck  very  rapidly. 

31.     A    flexible-shaft    emery     grinder    is    a    very 
serviceable  tool  for  cleaning  castings.     If  placed  on  a  truck 


FIG.  24. 


and  driven  by  an  electric  motor,  it  may  be  easily  taken  alxmt 
the    molding    floor  and   used   to  clean    castings    in  a  most 
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convenient  manner.      In  less  portable 

arrangement.   In-  ised.      The  pow« 

</    through    a    m; 
The  pulley  b  may  be  moved  to  any  location  within  i 

of  the  driving  rope  by  chan- 

g>°g     tnC      length     of      tile     TODC 

n-hin--   tlu-   idk-r  */  to  the 
floor.      '1'lic   innrry  wlu-t-iyis 

P'o-  *•  licKl     against     the     work     !>y 

aa  of  the  two  handles  g,  g.     Tin-  tl«-.\ililr  shaft  is  n 
by  winding  s-  rire  in  oj>p«)sitt:  (:. 

abor.:  ia  sliown  in    Fij^.  '.':»,  tiic  outside   1< 

covered  with  leat 


A    stationary  enter  y-\vlicc  I    stand  of   the  form 
shown  in  Fig.  •.'•;,  equipped  with  two  emery  or  carborundum 


88. 

wlie-  <-d  in  the  cleaning  room  to  remove  fins  and 

other  small    projections   from    the  ,]   to 

!><•  drive-  vr  or  below  the   floor,       The  : 

method  >i    to  1  1).  t  he 

bolt  is   not  in  the  way  an-:  r  in   a|>;  than  the 

arrangeni 


Steel   liruslics  vatirtv 

for  cl  .111,1  metal  v, 
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In  Fig.  27  (a)  are  shown  three  forms  of  cleaning  brushes  to 
be  used  by  hand.     They  are  useful  in  cleaning  the  j»ai : 
the  castings  that  cannot  conveniently  be  reu< -h» •<!   by  m. 
of  other  tools.     A  rotary  steel-wire  cleaning  brush,  which  is 
driven  by  a  belt,  is  shown  in  Fig.  27  (b).     The  driving  shaft  a 
carries  a  number  of  steel-wire  brushes  b  that  pass  over  the 
surface  of  castings  held  on  the  table  c.     The  table  is  adjust- 
able   and  is    raised  or  lowered  by   means  of  a  foot-lever  d 


FIG.  27. 

hinged  to  the  rod  e  that  passes  through  the  frame /of  the 
machine  and  is  attached  to  the  under  side  of  the  table  c. 
The  guide  g  aids  in  keeping  the  movable  table  central  over 
the  frame/.  The  driving  shaft  carries  two  disks  //,  //  with 
rods  /between  them  running  along  the  rear  side  of  each  brush 
for  the  purpose  of  supporting  the  brushes;  these  supporting 
rods  increase  the  life  of  the  brushes  considerably.  When  the 

53B— fl 
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•ecome  worn  down  t<>  tin-  sup:  rods 

3-4.     V     liinesfor* 

. 
\-    in   th<»sc   making    1 

•   driven    machine 
ils  purpose  is  shown  i: 
ami   consists  of    a  rigid    base  and 
frame     supporting     the     working 
parts,    which    in    this  in 

:pper  portion  of  the  : 
Th-  are    removed    from 

the  -    by    bringing    them 

between 

the  lower  one  being  stationary  and 
the    upp<  laving   a    vertical 

motion,  produced  by  means  of  a 
lever  and  a  cam  on  the  driving 
shaft  b.  The  pulley  runs  con- 
stantly, and  the  machine  is  started 
and  stopped  as  desired  by  i: 
of  a  foot-lever  c  that  operates  a  clutrh  on  the  shaft. 

:*5.  times  jjatc   aawa   are   used    to   remove 

gate  astings.     Th-  ;  e  operated  either  by  hand 

or  p<  itting  ni' 

is  shown    in    Fi^.    t>'.».      The    machine   cons;  frame  a 

with    a  handwheel  /;   driven  by  a    belt    <»n    the  COHC    pulley  C. 

•  Mind    the   band   pulley  /;  and  a   similar 

one  e  held  by  -.stable  bearing /at  the  top  of 

work    is   h<-ld  mi  the   table  g.     Guides//,  // 
are   p!a--«-d    both    below  and  above  the  tabl- 

when  the  spnir  i 

edge,     The  top  tical 

•n.      The    saw    runs   at    a    hi-h    speed    and    is 
•  rk        Hand  saw-  ;  by  eith' 

ve  gates. 
Qgl. 
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In   foundries  using  a   large   number  <>f  wooden  flu 
machine  for  pulling  nails  from  cross-bars   is  very  useful, 


FIG.  29. 

especially  when  combined  with   a   small   trip  hammer   for 
straightening  the  nails. 

36.     Small  castings  are  cleaned  in  tumbling  barrels, 

which  are  made  in  a  great  variety  of  designs.     A  plain  type 
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<>f   nimbi  .\vn    in   1  It  driven,  and  the 

heads  a,  a  of  the  barrel  have  gears  on  their  outer  rims  by 


means  of  which  motion  is  transmitted  to  them  from  the 
pinions/;,/;  on  the  driving  shaft.  Tin-  staves  are  held  in 
place  by  the  lugs  c  <>n  the  inside  of  the 
-•Its  (t  bind  all  parts  securely 
together.  .irrel  is  supported  either  by 

trunnion^  h  end  or  by  a  shaft  that 

extends  through  its  center.     One  or  more  of 
th-  iiave  handles  /and  are  removable. 

The  barrel  is  partly  filled  with  CAStingl 

Of  blocks  of  hard  ir<>: 

d,  leavin  nl  space  for  all  the  contents  to  tumble 

it   when    the   barrel   is  in    motion.      The   i<  |  are 

•times  cast  with  long  points,  which  serve  to  dig  the  sand 

out  of  corners  or  holes  in  the  ,.     When  the 

are  thin  and  easily  broken,  it  is  better  to  use  bl  \vood 

d    breakage.       In 

other  ca  the 

inside  of  the  .-event    their  tumblir,  and 
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damaging  their  corners  and  edges.     The  central 
then  partly  filled  with  smaller  castings  or  stars,  uhii 
the  tumbler  is  rotated,  elean  the  surfaces  of  the  large  < 
ing.     By  this  method  very  satisfactory  cleaning  is  <! 

37.     Tumbling  barrels  are  usually  operated  in  pairs  or 
in  rows.     In  Fig.  32  is  shown  a  row  of  tumbling  barrels  that 


FIG.  32. 

are  rotated  by  means  of  friction  rollers  on  a  shaft  running 
lengthwise  under  the  barrels.  The  end  of  the  barrel  forms 
a  flat-faced  wheel  a  that  rests  on  a  friction  roller  b  on  the 
driving  shaft  c.  The  end  of  the  barrel  is  kept  in  line  by  a 
cast-iron  journal  df  projecting  from  the  head.  The  bearing 
of  the  journal  has  a  vertical  movement  and  is  raised  or 
lowered  by  means  of  a  lever  /.  The  rotation  is  started  by 
lowering  the  barrel  and  bringing  the  friction  surfaces  of 
the  wheel  a  and  roller  b  in  contact  with  each  other.  The 
other  end  of  the  barrel  rests  on  two  antifriction  rollers  g,  g, 
as  shown  in  the  illustration.  Sometimes,  however,  the  end 
of  the  barrel  is  supported  by  a  trunnion  that  rests  either  on 
a  bearing  or  on  antifriction  rollers  supported  on  a  pedestal. 
A  tumbling  barrel  of  this  form  can  be  lifted  from  its  sup- 
port and  replaced  by  another  one  charged  with  castings. 
By  having  an  extra  barrel,  this  system  allows  the  barrels  to 
be  filled  and  emptied  on  the  floor,  and  the  cleaning  can  go 
on  continuously. 
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38.  The  process  of  dry  tumbling  causes  large  volumes 
of  dust  in  the  cleaning  room,  which  is  very  destructive  to 
the  machinery  and  also  makes  it  impossible  for  the  work- 
men to  remain  in  the  room. 

feature,  tumblers  are  som  quipped  with  an  exhaust 

system  to  carry  off  the  dust.     In  Fig.    a:{    is   shown  two 


Fio.  88. 

rows  of  exhaust  tumblers  working  in  pairs.  A  hollow 
shaft  a  at  one  end  of  the  barrel  COnne  ts.  by  means  ot  an 
enclosed  journal-box  i\  with  a  pipe  c  leading  to  a  fan.  Tin- 
effect  of  the  arrangement  is  to  draw  a  strong  blast  of  air  in 
through  an  opening  in  the  other  end  </  of  each  barrel,  and 
the  dust  '1  through  the  fan  to  a  Hue.  Sometimes  a 

water  trap  is  inserted  in  the  exhaust  pipe  c  so  as  t<>  retain 
as  much  .  :-le  of  the  dust  and  prevent  its  destructive 

action  on  the  i 

The  end  of  each  barrel  has  a  gear  e  on  the  outer  edge  that 
is  operated  from  a  pinion  /on  t  In-  driving  thai  ding 

the  full   length   Ol  h    barrel  ped    and 

started  by  means  er  /'/  that  movea  the  i  ;  t  he- 

hollow  journal  so  as  t 

barrel  either  in  or  out  with   the  g<  tin- 

shaft. 
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39.  Tumbling  barrels  are  usually  more  or  less  <,prn,  and 
the  loose  sand,  scale,  etc.  from  the  castings  sifts  through  to 
the  floor.       In  some  cases 

the   material  is  removed 

from  the  room  by  means 

of  a  conveyer  running 

in  a  pit  under  the  row  of 

barrels.     A   conveyer 

suitable  for  this  purpose 

is   shown  in  Fig.  34  and 

consists    of     an     endless 

rubber  belt  a  running  on 

idlers  placed  at  intervals  along  its  length.     The  idlers  are 

arranged  in  sets  of  three.     Those  supporting  the  loaded  part 

of  the  belt  are  arranged  so  as  to  give  it  the  form  of  a  trough. 

The  middle  idler  b  is  horizontal  and  gives  a  flat  bottom  to 

the  trough,  while  the  two  outside  idlers  c,  c  are  inclined  at  a 

suitable  angle  to  form  the  sides.     The  three  lower  idlers  ,/, 

which  carry  the  return  loop  of  the  belt,  are  on  a  horizontal 

chaft  and  the  belt  is  flat. 

40.  Oblique  tumbling  barrels  are  frequently  used 
for  small  work.     In  Fig.  35  is  shown  a  tumbler  of  this  form 
that  is  arranged  to  be  tilted  and  emptied.     It  is  open  at  the 
top  so  that  the  condition  of  the  castings  may  be  seen  during 
the  cleaning  process,  and  any  of  the  castings  removed  or 
others  added  at  any  time  without  stopping  the  rotation  of 
the  barrel.     The  barrel  a  is  made  either  of  steel,  bra- 
wood,  depending  on  the  kind  of  castings  to  be  cleaned.     It 
is  supported  by  a  shaft  b  resting  in  bearings  /  at  each  end  of 
a  frame  r,  which  is  hinged  at  d  and  arranged  to  operate  at 
different  angles  of  elevation  by  means  of  a  screw  e  and  hand 
wheel  /.     The  barrel  is  tilted  for  emptying  by  means  of  a 
rack  g  hinged  at  one  end  to  the  rear  end  of  the  frame  c 
and  operated   by  a  gear  on   the  shaft  carrying    the   hand 
wheel  /i,  the  shaft  being  held  by  suitable  bearings  on  the 
machine   frame  /.       The    barrel    receives   its  motion  from 
a    friction   roller  j\  which   is   on   the   shaft    carrying    the 
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pulley  k,  and   turns  against   the  outer  edge  of  the  bottom 
of  the  ba 


PlO.  85. 

41.     Brass  and    hi<  <     preferably  tumbled 

in  water.     A  barrel  for  this  purpose 


The  water  enters   through   th- 
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with  it.  The  barrel  is  mounted  over  a  trough  c  provided 
with  an  overflow  d.  The  barrel  is  lined  with  oak  staves  f. 
A  barrel  of  the  form  shown  in  Fig.  35  is  a!><>  s<. m< -times 
used  for  wet  tumbling.  Water  tumbling  barrels  are  very 
serviceable  in  cleaning  iron  castings  and  drop  forgings  that 
are  to  be  plated,  as  the  process  produces  a  good  clean 
surface. 

42.  Pickling  Castings. — Castings  that  are  to  be  gal- 
vanized, tinned,  nickel  plated,  enameled,  or  painted    should 
have  a  perfectly  clean  metallic  surface  so  that  the  coating 
will  adhere  properly,  and  castings  that  are  to  be  machined 
should    be   thoroughly    freed    from   all    sand   to   avoid    the 
destruction    of    tools.     Tumbling    accomplishes   this    only 
with  the  plainest  of  castings  without  cores  and  with  even 
surfaces.     The  cleaning  of   irregular  castings  can  be  done 
more  perfectly  by  pickling  or  by  means  of  a  sand  blast.      In 
the  pickling  processes  the  castings  are  treated  with  dilute 
solutions  of  sulphuric  or  hydrofluoric  acids.     Pickling  solu- 
tions for  brass  are  generally  prepared  by  mixing  3  parts  of 
sulphuric  acid  to  2  parts  of  nitric  acid,  and  adding  to  each 
quart  about  a  handful  of  table  salt.     This  mixture  is  used 
undiluted   with   water.     Although  this  solution  is  used  for 
the  purpose  of  cleaning  the  castings,  it  leaves  them  with  a 
good  color,  and  it  is  therefore  used  more  frequently  for  the 
purpose  of  coloring  than  for  cleaning  them.     With  brass  the 
molding   sand    does   not  burn    into   the  casting,  and    if   it 
should   adhere  to  the  surface,  it  can  be  easily  removed  by 
plunging  the    castings,   while  still  hot,  into   water.     It    is 
different,  however,  with  iron  castings.     They  must  not  be 
cooled  suddenly,  as  this  will  change  their  structure,  harden 
their  surface,  and  is  liable  to  crack  them.     Neither  will  the 
sudden  cooling  remove  all  the  sand  from  iron  castings,  as  it 
is  often  burned  into  the  surface. 

43.  Sulphuric-Acid  Solution. — Dilute  sulphuric  acid 
dissolves  the  iron  and  loosens  the  thin  layer  or  particles  of 
sand.     Concentrated  or  strong  sulphuric  acid  has  no  effect 
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on  the  iron,  so  that    it   i>  a  mistake  to  ma'  ulplnmc- 

acid  pickling  solution  too  strong.     The  solution  is  prep 

;  nixing    1    part  of  sulphuric  acid  with  4  or  6 
water.      The  mixing  should  be  done  slowly,  with  con- 
ing, to  avoid  accidents,  the  acid  being  poured  into  the 
water,  not  the  water  i  acid.     Sulphuric  acid  must  be 

handled  with  great  care,  as  it  will  burn  the  fl<  loth- 

ing.  In  case  of  accident,  apply  ammonia  or  soda,  or  wash 
immediately,  using  an  abundance  of  water.  When  the 
•ughly  cleaned  off  or  neutralized,  apply  some 
healing  lotion,  such  as  collodion  or  a  mixture  of  linseed 
oil  and  lime  water,  whieh  should  be  always  kept  on  hand 
ready  for  immediate  use.  The  strength  of  the  bath  is 
easily  maintained  by  measuring  occasionally  its  specific 
gravity  with  a  hydrometer,  and  adding  more  acid  when 
the  readings  are  too  low,  solution  should  be  kept 

in  a  lead-lined  or  pitched  wooden  tank  of  about  'I  1'eet  in 
depth,  whirh  is  sunk  U>  or  1>  into  the  ground,  and 

surrounded  by  a  platform  inclining  toward  the  center.      It 
dvisable   to   provide    the   bottom   of   the    tank    with  a 
wooden  grate  made  with  wooden  dowels  and  without  iron 
i  or   screws.     If   necessary,  it  can    be   weighted   down 
with  lead.     This  grating  will  permit  tint  sand  and  sediment 
to  fall  to  the  bottom  and  leave  a  clear  solution.     A  s< 
tank,  containing  a  hot   solution  of   potash  or  soda,  is  kept 
near  the  tir>t.     i:  for  a  second  dip,  and  its  obj< 

toneutrali/.e  the  acid  adhering  to  the  castings;  a  third  tank 

lining  h-  .  which  is  frequently  renewed,  is 

for  a  final  washing  of  the  pickled  ,  -tings  placed 

into  the  pickling  solution  are  usually  cleaned  in  from  £  to 
1  hour.  If  they  are  too  large  for  the  pi.-kl  they  may 

be  placed  on  the  inclined  platloim  and  sonir  of  the  liquid 
poured  over  them  from  time  to  time,  which  will  loox-n  the 
sand.  Sometinx  s  for 

several    hours,  or   over  night,  in    the   solution,  and    in   such 

•  r   than    the  one  first 

ibed.      <  '  i  or   ]."•  paiti  o|    water  will 

'    it  fully  strong  enough  ii  i  tins  manner.     Tins 
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pickling  solution  will  not  work  well  when  o.ld,  and  all  sul- 
phuric-acid  solutions  will  work  best  when  heated.  In  order 
that  no  acid  may  remain  in  the  pores  of  the  iron,  the  « 
ings  should  be  well  washed  in  clean  hot  water  and  immersed 
in  an  additional  bath  of  a  hot  alkaline  solution,  after  which 
they  should  again  be  rinsed  in  hot  water. 

44.  Hydrofluoric-Acid  Solution. — Hydrofluoric  acid 
acts  in  a  different  manner  from  sulphuric  acid.     It  does  not 
attack  the  iron,  but  dissolves  the  sand  and  the  underlying 
oxide  of  iron.     The  strength  of  the  solution  varies  with  the 
time  in  which  the  castings  are  to  he  finished.     A  proportion 
of  1  part  of  30-per-cent.  acid  to  20  parts  of  water  will  gener- 
ally prove  satisfactory.     If  48-per-cent.  acid  is  used,  a  mix- 
ture of  1  gallon  of  acid  to  30  or  40  gallons  of  water  will  give 
the  same  results.     The  solutions  should  be  well  stirred  and 
used  cold,  but  it  must  be  kept  above  the  freezing  point.     It 
will  clean  castings  in  from  £  to  1  hour.     Weaker  solutions 
act  slower.     The  bottom  of  the  bath  should  frequently  be 
cleaned   from   sediment   or  the   acid   will   quickly    lose    its 
strength  by  dissolving  the  loose  sand. 

Castings  pickled  in  dilute  hydrofluoric  acid  should  be  rinsed 
in  hot  water  as  soon  as  removed  from  the  acid.  If  washed 
in  cold  water,  they  will  remain  wet  for  some  time  and  will 
rust.  The  addition  of  some  alkaline  substance,  as  lime, 
potash,  or  soda,  to  the  hot-water  bath  will  be  found  very 
serviceable. 

Hydrofluoric  acid  must  be  handled  with  great  care,  as  it 
will  cause  painful  inflammation  if  it  comes  in  contact  with 
the  skin.  An  application  of  dilute  ammonia  will  best  neu- 
tralize the  acid  on  the  skin  or  clothing.  Water  should  be 
used  freely  to  wash  off  the  acid.  Rubber  gloves  protect  the 
hands  from  dilute  acid. 

45.  SandBlastforCleanlng  Castings.— The  method 
of  cleaning  castings  by  the  sand  blast  involves  the  use  of  an 
air  compressor  in  connection  with  an  air  chamber  and  a  sand 

reservoir.     The  process  consists  of  throwing1  a  stream  of  fine 
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p  sand  hy  means  of  a  current  <>t"  <-<>inp 

the  Mirt'.irr  «>t'  the  <:.      'I'lic  rapidly   : 

ing  sand  cuts  away  all  the  sand  and  scale  ii«;n  the  castings 


and  leaves  the  c.i  .  ith  a  rl(  th  surface.    The 

resui'  by  thN  tcr   tlian 

any  other  method,  but  it  is  more  <  ; 
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a  room  equipped  with  sand-blast  apparatus  for  the  purpose 
of  cleaning  castings.  The  castings  are  placed  on  a  grating*? 
placed  over  the  opening  of  a  large  hopper  that  directs  the 
sand  to  a  conveyer.  A  rubber  hose  b  terminating  in  a 
nozzle  c  leads  from  the  air-pressure  tank  d  to  the  grating.  A 
valve  controls  the  flow  of  sand  and  air  into  the  hose.  The 
cutting4  quality  of  the  issuing  stream  is  so  great  that  it  is  not 
a  difficult  matter  to  remove  lumps  and  irregularities  from 
the  castings.  The  surfaces  of  castings  cleaned  in  this  way 
have  a  white,  silvery  appearance,  and  they  are  in  the  best 
possible  condition  to  receive  coatings  of  enamel,  paint,  or 
plating.  This  method  of  sand-blast  cleaning  is  also  applied 
to  structural-steel  work  to  prepare  the  surface  for  repainting. 
The  grating  a  is  covered  by  a  hood  e  connected  with  an 
exhaust  fan  to  draw  up  the  dust.  It  performs  this  duty  to 
a  slight  extent,  but  not  nearly  enough  to  make  the  applica- 
tion of  other  safeguards  to  the  operator  unnecessary  It  is 
dangerous  to  the  health  of  an  operator 
to  work  for  any  length  of  time  in  a 
sand-blast  cleaning  room  without  be- 
ing protected  by  a  respirator  and  hel- 
met similar  to  that  shown  in  Fig.  38. 
The  helmet  encloses  the  head  of  the 
operator.  It  is  made  of  cloth  and 
metal,  and  has  an  opening  a  covered 
by  some  transparent  material,  such  as 
fine- wire  gauze,  celluloid  film,  or  glass. 
Air  is  forced  into  the  top  of  the  hel- 
met through  a  hose  £,  and  passes  out 

through  the  loose  portions  at  the  bottom.  By  making  use 
of  these  appliances  there  is  little  danger  to  the  health  of  the 
operator  from  the  dust. 

46.  Sand-Blast  Tumbling  Barrels.— Another  appli- 
cation of  the  sand  blast  is  shown  in  Fig.  39  wherein  the  blast 
is  directed  into  a  slowly  revolving  tumbling  barrel  a.  The 
castings  are  placed  in  the  barrel,  and  the  tumbling  continu- 
ally exposes  new  faces  to  the  action  of  the  blast.  The  barrel 
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•i  is  Miit.  '   and 

• 

of breakin-  them. 

hol- 

inmnion 

end  of  the  barrel  by 
means  of  a  hose  b  f  r<  »m 
the  pressure  tank. 
After  the  barrel  has 
been  closed,  and  also 
further  protected  by 
closing  the  sliding 
door  c  of  the  outside 
.  it  is  set  in  motion. 

,  it  has  been  run- 
ning   for    from    \ 
\:\   minutes,   the 

are    perfect  1  y 
clean     a  n  d     JM 
bright     surfaces    and 
clean  edges.    The 

of     ti  1     rest      i.n 

friction     roll<-rs    d    on 

' 
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gears  e,  e  meshing  with  the  w 


driven     by     : 
/  on  the  driving  sli. 


17.      vJiiidci-    Mill  used   to 

remove  the  iron    from    the  cu;                 der  and  foun 

pings.      One  style  of  mac  hine   l'..r   this  ]>u:  •  i)«.\vn  in 

.nd  ((•).      This  mill  CO1  -uetal 
barrel   ,1  SUJM                                     1  runnio' 

so   that    it    may  be    revolved    by  ni-  <  .  Ofl 

the  outer  edge  of                         tin-  bar  tt  on 
the  drivi                   r.      A  centrifugal  puinp.  «.j>«-t  ated  fromtlx- 

driving  sliafl  f  b\  in  of 
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water  from  a  catch  basin  under  the  mill  into  the  barrel 
through  the  trunnion  b.  The  dirt  and  water  art-  discharged 
through  the  trunnion  b\  Fig.  40  (^),  into  a  wheelbarrow 
having  a  wire-cloth  bottom;  the  water  returns  t<>  the  pump, 
the  dirt  remains  in  the  barrow,  and  the  coke  is  carried  over 
the  barrow  and  collected  by  means  of  a  coke  screen. 


FIG.  40 


The  barrel  contains  a  crusher  that  consists  of  five  pieces 
of  plank  g  attached  to  a  metal  frame  and  shaft  //,  Fig.  40  (c). 
The  crusher,  whose  diameter  is  slightly  greater  than  half 
that  of  the  barrel,  rests  on  the  bottom  of  the  barrel  and 
revolves  when  the  barrel  revolves,  by  means  of  the  friction 
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between  tin-  slu-11  </  and  the  vanes g.     The  material  is  j.'.. 
in  the  bant  1  .1  through  the  d< 

When  the  murhinr  is  in  pj 
mately  mi  a  level  with  tli«  .  n  by 

..1    the   material   is  ca 

around   by  m<  :  he  I'rietinn    ;  it  ami  the  shell  a 

until  .  theanglrof  which  depen< 

the  speed  of    tile   :  the  dotted  line  / ///. 

water  Mirface    In.*  the  einder  sl«.j>e  line  / /// 

thus  leaving  a  ehannel  k  in  n  through  whieh  the  w  ater  p.. 

end  of  the  barrel  to  the  other.      As  the  mill 
in  the  direction  of   the  ai  ;  10  cinder  is  ground    under 

the  vanes  g  :ul    carried    to    tl:  :'    tin- 

slope  /and  dropped  into  the  water  at  //.      The  iron  and  heavy 
material   go  to   the  bottom,  while   the   lighter   portions  are 
'•nded  ai  i    by  the  current  of    water  in  the  ehan- 

r.d  /•;//;/ through  the  p«  >rls  /»  into  the  separating  ehaml 

40  (b).  If  any  heavy  cinder  enters  the  chamber  ,/,  it 
falls  to  the  bottom  an«l  is  returned  to  the  barrel  through  ihe 
port  />  above  the  cinder  line  /  ;;/,  by  means  of  the  buck 

with  the  water  through  the  trunnion  />'.  The  mill  is 
stopped  and  started  by  means  of  a  friction  clutch  s  on  tin. 
driving  ')• 


MALLEABLE  CASTING. 

(PART  1.) 

MALLEABLE  CAST   IRON. 


PROPERTIES    AND   COMPOSITION. 


INTRODUCTION. 

1.  A  malleable  casting  is  an  iron  casting  of  special 
composition  that  has  been  rendered  malleable  by  subsequent 
continued  annealing.     The  casting,  before  it  is  annealed,  is 
very  hard  and  brittle,  and  as  its  fracture  has  a  distinctively 
white  appearance,  the  iron  of  which  it  is  composed  is  known  as 
white  iron,  to  distinguish  it  from  ordinary  cast  iron,  which 
has  a  gray  fracture  and  is  known  as  gray  iron.    The  white 
iron  also  contains  carbon  in  a  form  known  as  combined  car* 
bon,  which  will  be  considered  fully  later  on.     In  the  process 
of  annealing,  this  carbon  is  changed  to  an  amorphous,  or 
uncrystallized,  form,  although  not  a  graphitic  carbon  found 
in  gray  iron,   to  which  the  name  temper  carbon  has  been 
given.     After  annealing,  the  casting  can  be  twisted,   bnu 
and  hammered,  hot  or  cold,  while  its  strength  is  more  than 
doubled. 

PHYSICAL    PROPERTIES. 

2.  The   tensile  strength  of  a  good  piece  of  malleable 

cast  iron,  frequently  called  simply  malleable,  should  lie 
between  37,000  and  45,000  pounds  per  square  inch.  Cast- 
ings that  show  35,000  may  be  used,  and  many  are  made  that 

COPYRIGHTED     BY    INTERNATIONAL    TEXTBOOK    COMPANY.        ENTERED   AT   STATIONERS'    HALL.   LONDON 

53B-10  §  51 


MALLEABLE    CASTING.  §  •"'' 

mn  as  high  as  52,000  pounds  per  square  inch,  but  this  high 
tensile  strength  is  obtained  at   t lie  expense  of  resistai! 
shock.        .  :  by  adding  from 

5  per  cent,  of  steel  scrap  to  the  regular  mixture  in  the  0] 
hearth  furnace. 

Cl.     Ductility. — The  elongation  of  a  malleable  casting 
should  lie  between  ?.,r>  and  5  per  cent.  ;  the  thirker  the  piece, 
-mailer  is  the  elongation.     Tests  are  usually  made  on 
ich   in  diamt-UT,  not   turned  down,  and  the  elonga- 
tion   measured    by  pricking   center-punch    inai  ks   along    the 
whole  bar  at  intervals  of  an  inch.      After  the  bar  has  been 
pulled  apart,  the  two  parts  arc  fitted  together  and  the  exten- 
measured    between  the  two   marks  on  bolh   sides  of  the 
marl.  c,  which  were  originally 

apart. 

4.  The  transverse,  or   hcndlm;,  strength  of  a  mal- 
leable casting  should  be  such  that    it   will   carry  a  load  of 
between  3,500  and  5,500  pounds,  the  load  being  applied  at 
the  middle  of  a  bar   1   inch   square,  supported  at   its  ends, 
upon  supports   12    inches   apart.     The  deflertion    from   the 
horizontal  should  be  at  least  ^  inch,  but  very  good  and 
iron  •  deflection  of  2^  inches. 

5.  The  resilience,  or  resistance  to  shock,  of  the  aver- 
age malleable  casting  is  about  8  times  that  of  cast  iron  and 
half  that  of   steel.      This   is  true    for   powerful  shocks  not 
often  repeated.     For  continued  light  shocks,  as  in  raT 
service,  a  malleal  -ig  is  superior  to  one  made  of  steel. 

<>.       l.iu-ct    ol    Temperature    of    Molten     Iron. — In 

making  the  hard  castings,  that   is.  before  they  are  anne. 
necessary   to   have  a   \\  ture,  or  only   m< 

the   annealing  will   spoil   the  work. 

In  order  to  obtain  a  white  fracture  the  iron  must  be  chilled 
in  the  mold.  It  is  known  that  thin  sections  chill  mm  h  mote 
quickly  in  the  sand  than  thick  ones;  a  thii.  there- 

fore  set  at  once  and   show  a  perfectly  win1 
ture.     The  s  n,  however,  if  run   into  a  sect 
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2  inches  thick,  will  cool  slowly  and  result  in  a  perfectly  gray 
casting.  This  gray  casting  when  subjected  to  the  annealing 
process  will  come  out  "  rotten,"  being  burned  ami  disin- 
tegrated throughout. 

The  temperature  of  the  melted  iron,  or  bath,  must  also  be 
observed.  A  hot  iron  chills  better  than  a  comparatively 
cold  one.  Thus,  a  casting  1£  inches  thick  may  be  poured 
from  the  hottest  part  of  the  bath  and  have  a  white  fracture, 
while  the  same  casting  poured  from  the  first  of  the  taj 
the  coldest  iron,  may  be  perfectly  gray.  If  the  iron  is  dull, 
therefore,  all  the  thin  castings  that  can  safely  be  run,  should 
be  poured;  if  the  iron  is  very  hot,  the  lightest  work  should 
be  poured  first  to  avoid  spoiling  the  work;  the  heaviest 
should  be  taken  next,  and  finally  the  medium-weight  castings 
should  be  poured. 

While  it  is  essential  to  have  the  iron  at  a  suitable  temper- 
ature for  the  castings  to  be  poured,  care  must  be  taken  not 
to  prolong  the  heat  more  than  is  necessary,  as  long-continued 
heating  causes  changes  in  the  composition  of  the  bath  by 
carrying  off  the  silicon  and  carbon. 

7.  The  contraction  in  hard  castings  is  approximately 
J  inch  to  the  foot.     As,  however,  in  the  annealing  process 
some  of  this  is  restored  in  some  cases  as  much  as  one-half, 
the  ordinary  shrink  rule  for  gray  iron  is  frequently  used  for 
patterns  for  malleable  work  also.     It  is  well,  however,  to 
keep  close  watch  of  the  behavior  of  the  various  castings 
that  are  made  in  quantity,  and  to  have  the  patternmaker 
correct  the  pattern  for  any  variations  that  are  noticed  reg- 
ularly.    It  is  recommended  by  some  engineers  that  an  allow- 
ance of  T\  inch  per  foot  be  made  for  all  patterns,  and  that 
after  a  trial  such  alteration  be  made  as  may  seem  necessary 
from  the  castings  thus  produced. 

8.  Shrinkage    in    hard    castings    must    be    carefully 
watched.     Wherever  there  is  a  thin  flange  next  to  a  heavy 
section,  the  thin  part  solidifies  first,   and  draws  away  the 
metal,  which  is  still  fluid  or  plastic,  from   the  heavy  mass 
next  to  it,  resulting  in  a  hole  or  spongy  spot  in  the  thick 
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portions  i  p  angle; 

there  is  generally  a  line  of  -houldbe 

shrinkage  of  white  iron  makes  it  much  more  difficult  to  get 

than   gray-iron  ours.      Ti 

of  prevention  arc   tli  herever  possible,  tin- 

application  of  chills  of  gray  or  white  iron  in  the  worst  j.l. 
and  care  in  making  and  handling  the  mixture. 
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M.       Llcmcntx    Contained     in     M.illc.iMc     Iron. 

found  in  malleahle  rast  iron  are  the  same 

in  gt  .   but  vary  in  quantity  and  in  their  distribution. 

The  :;ialleable  iron  should  be  within  the 

limits  indicated  in  the  following  table: 

Silio 

i^anese.  .  .15  to     .;!••  j»er  r«-nt. 

Phosphorus.  .08  to    .25  per  • 

Sulphur per  cent. 

d  carbon L50  to  I  M'»  per  cent 

All  other  elements   n-maininv;-   between   the    limit<  -iven. 

the  variation  of  the  silicon  must  be  closely  watched;  .:!.">  pel- 
cent,  is  i:  -ig  of  thickest  section,  and 
1  percent,  forth  ;k.  In  average  practice  the 
percentage  of  silicon  usually  lies  between  .5  and  ."  and  th( 

carbon  i  r  than  1 .-"»  per  cent. 

I  O.      Silicon  :.•].•"•  e   agent    in    the   mall< 
mixtuie.      A                     iron    having  1  j>er  cent :  <>t    silicon 

dd  in. ike  good  white 

I  inch  tl;  I  inch  thick,  and 

be  b  :  k.       A  bath  with 

i  will  m. i  :  hick 

nearly  wi  .ml  would   be  suitabl- 

all    <                    ITCre    it  to    make    smaller    work 

with  a  higher  percentage  •  n  owing  to  the  difh<  ukies 
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encountered  with  cold  iron  and  r.\< -cssivc  shrinkage.  For 
coupler  work,  therefore,  the  bath  should  contain  from  .35  to 
.55  percent,  of  silicon;  for  ordinary  castings  averaging  i  inch 
in  thickness,  from  .45  to  .75  per  cent.,  preferab! 
cent.;  for  pipe  fittings  and  agricultural  work,  from  .75  to 
1  per  cent.,  preferably  .8  per  cent.  ;  and  for  saddlery, hard- 
ware, scissors,  and  the  lightest  castings  it  may  contain 
from  1  to  1.25  per  cent. 

Samples  of  iron  should  be  furnished  the  laboratory  for  the 
purpose  of  determining  the  percentage  of  silicon  of  the 
heats.  These  samples  should  be  taken  from  about  the  tenth 
ladle,  and  again  at  the  end  of  the  heat.  The  iron  for  these 
is  poured  on  a  stick  of  wood  laid  across  a  pail  of  water,  and 
made  to  run  from  the  stick  into  the  water.  This  causes  it 
to  form  into  small  spherical  drops,  resembling  shot,  and  is 
said  to  shot  it.  The  water  should  be  thrown  off  quickly, 
and  the  sample  dried  in  a  hot  ladle,  thus  leaving  clean  dry 
shot,  which  is  then  pounded  fine  in  a  steel  mortar,  by  the 
chemist,  and  the  silicon  determination  made. 

11.  Manganese. — Of  the  various  constituents  of  a 
bath  of  iron,  manganese  burns  out  first.  Pig  irons  seldom 
contain  more  than  .8  per  cent,  of  manganese,  and  this  is 
reduced  to  from  .15  to  .3  per  cent,  in  the  casting.  Too 
much  manganese  in  the  mixture  should  be  avoided,  as  the 
expense  involved  in  burning  it  out  is  quite  great.  The  excess 
of  manganese  is  paid  for  as  iron,  and  .5  per  cent,  burned  out 
means  in  itself  a  loss  of  7  to  10  cents  a  ton.  Manganese,  also, 
in  burning  out,  protects  the  silicon  for  a  time,  thus  prolong- 
ing the  heat,  and  if  the  temperature  is  high  enough,  it  helps 
to  remove  the  sulphur.  If  present  in  too  great  a  quantity, 
say  about  1.5  per  cent.,  it  hardens  the  iron  and  causes  trouble 
in  the  annealing.  For  these  reasons  it  is  advisable  in  pur- 
chasing pig  iron  for  a  malleable-iron  foundry,  to  specify  that 
it  shall  have  from  .5  per  cent,  to  .6  per  cent,  of  manganese, 
and  refuse  all  containing  over  .8  per  cent,  unless  it  is  to 
be  mixed  with  other  irons  low  in  manganese.  Iron  high  in 
manganese  may,  however,  in  the  absence  of  other  iron,  be 
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used  without  mixing  with  irons  l«>\v  in  manganese,  by  skiin- 
4  the  bath  frequently  and  allowing  the  in 

burn  "lit.      Tin-    purposr  of   the  skimming  is   to  maintain  a 
clean  surface  so  that  tin-  mangan«-sr  may  1> 

1'^.      Sulphur,  which  .illy    known  as  t lit-  enemy 

of  the  found'  :uji«'rtant  factor  in  the  malleable- 

iron    industry,  and    sperial   etYorts  must    be   dii 
keeping  it  out.      In  the  days  of  charo.al  irons  this  \\ . 
done,  but  at  the  present   time   blast    furnaces  makr 
IIKT   ir««n  try  to  (i  •   their   IM  v known 

as0//  r  ojf  heats)  to  malleable  works,  so  that 

not  be  exercised  in  the  purchase  of  iron.      When  a 
bla>t    furnace  is  not    working   well,  srali'old 

and  flux  that  bridge  over  the  furnace — form,  the  limit 
of  .1  per  Cent,  of  ph  \c ceded,  and  the  sulphur 

goes  above  .05  pi- :  ->  that  the  steel  makers  cannot  use 

it.      In  fact  the  sulphur  will  be  found  to  be  .09  per  » 
more  oftru  than  .05  per  Cent.,  and  if  this  material  is  used  in 
the   malleable  foundry,  serious   trouble  results  in  annealing. 
and  even  in  t!ie  foundry.       It  is  therefore  advisable   to  insist 
on    having    the    anal\  for  sulphur  made  by    the 

.linn  method,  as  this  method  accounts  for  all  the  sul- 
phur in  the  iron;  the  easier  evolution  nn-th-  !  by 
many  cl  U  much  as  half  the  sulphur 
present.  Sulphur  so  weakens  the  iron  that  it  is  not  able  to 

in    in   the  hard    • 
d.     The  era*  ks  in  the 

hard  mnealin.  ,!y  under 

the  i  i>c,  but    th«-y  are  brought   out    by  the  annealing 

Sulphur     fill  the!  : 
increases  the  difficulty  in  annealing.      It  makes  it    : 

to    a    higher    temperalme    and     to 
tain  the  a  longer  period,  which  in  tin 

, image  to  th<  •  ;  in«o    have    l.een 

made  with  .  1  :    sulphur,  but  ihi  '  i-.n 

and  It   is  b«  st    to  u  -itain   not 

.ibly  not 
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.02  per  cent.    When  the  mixture  contains  .05  per  cent,  of  sul- 
phur, or  over,  it  may  be  smelled  at  the  spout  of  the  furnace. 

1  3.  Phosphorus  seldom  causes  trouble  in  the  manufac- 
ture of  malleable  iron,  as  the  irons  ordinarily  bought  do  not 
contain  more  than  .175  per  cent.;  charcoal  irons,  however, 
often  contain  more  than  .2  per  cent.  Iron  containing  more 
than  .25  per  cent,  should  not  be  used,  for  the  castings  are 
liable  to  be  cracked  and  warped ;  besides  they  will  be  unable  to 
resist  the  heat  of  the  annealing  oven.  The  melting  point  of 
the  iron  is  lowered  by  the  presence  of  much  phosphorus, 
and  it  will  therefore  oxidize  considerably  in  annealing. 

14.  Carbon. — In  malleable-iron    work  three  forms  of 
carbon    must    be    dealt   with — combined  carbon,   graphitic 
carbon,  and  temper  carbon. 

Combined  carbon  is  carbon  that  has  entered  into 
chemical  combination  with  the  iron.  It  is  subdivided  into 
three  or  four  forms,  but  these  do  not  interest  the  malle- 
able-iron founder.  Hard  castings  should  have  all  their 
carbon  in  the  combined  form.  The  fracture  of  this  class 
of  iron  is  white,  somewhat  resembling  the  color  of  silver, 
shows  distinct  crystallization,  is  as  hard  as  tool  steel,  but 
is  very  brittle.  The  amount  of  combined  carbon  in  malle- 
able castings  varies  between  1.5  and  4.2  per  cent.  When 
charcoal  iron  was  generally  used,  and  it  is  still  used  in  some 
sections,  as  in  the  Lake  Superior  region,  4.2  per  cent,  carbon 
was  very  common.  The  advent  of  coke  irons  into  the  field, 
however,  caused  a  drop  in  this  element,  which  drop  has  since 
been  increased  by  the  addition  of  low-carbon  steel  clippings 
to  the  mixture.  The  percentage  of  combined  carbon  cannot 
run  much  above  4.2  per  cent.,  as  the  iron  is  then  nearly  satu- 
rated with  carbon ;  but  on  the  other  hand,  it  must  not  be 
allowed  to  fall  below  1.5  percent.,  otherwise  the  castings 
will  not  anneal  properly.  A  sharp  crystalline  outline  is  an 
indication  of  good  iron;  a  mushy,  indistinct  structure  usually 
means  weak,  oxidized,  unfinished  metal. 

15.  Graphitic  carbon  in  a  malleable  casting  is  unde- 
sirable   because   it    opens   the   structure;   this    causes   the 
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oxidation  in  annealing  to  penetrate  the  iron  and  weaken  it. 

If  the  amount   of  graphitic  carbon    present   i> 
make  the  fracture  of  tin-  hard  <  a--!  ing  so  mottled  that  it  si, 
into  a  light  gray,  the  annealed  piece  will 
than  if  it  were  an  ordinary  gray  c,  Attention  t<.  tin- 

percentage  of  silicon.  trmpcratiirr  of  the  hath,  anil  details 
of  pouring,  will,  however,  avoid  this  trouble. 

1  <>.      The  name  temper  c;iri»on  was  given  to  this  form 
of  carbon  by  -r    Ledebur,  a  (ierman   authority,  who 

finding  it  only  in    malleable  c.  which  in    (ierman   are 

called  ft  a.  Called  it  "  temper  "  carbon.      It  is«»nl\ 

duced  by  converting   into  pure  carbon  the  combined  carbon 
of  white   eastings.      In   doing  this,  threading  e.\j)ands. 
quently,  about  on<  inal  contraction  in  cooling 

in  the  mold.     A  network  med  around  tin- 

particles  of  carbon  and  acts  as  a  cushion  to  blows  and  allows 
the  piece  to  bend.  The  iron  itself,  being  combined  with  nearly 
4  percent,  of  carbon,  now  becomes  freed  d  about  3J  per 
cent,  of  it  and  therefore  becomes  a  steel.  The  malleable 
casting  i  then  really  a  piece  •  teel.  but  with  about 

3t  per  cent,  of  carbon  placed  between  the  chains  of  crystals 
of  iron,  weakening  it  correspondingly,  but  leaving  it  : 

•  rong  as  cast    iron.      Temper    carbon   js    not    present    in 
flakes  like  graphitic  carbon. 

The  annealing   process  effects   this   remarkable   change, 
which  goes  on  whether   the  castings  are  packed    in 
zing  medium  or  in  sand  <>r  fireclay.      While  the  total  carbon 

-tributed  evenly  in  the  hard  casting,  it  D  tin- 

annealed  piece.     There  is  a  removal  of  carbon  from  the  skin 

malleable  casting,  which   extends  inwards  about  J  inch. 
Herein  a  difference  between  American  and   European  ; 
tice  exists.      In  American    pra<  t  i.  «•  the    annealing    pn>e« 
continued   only  until    the   combined    carbon    is    changed    to 
temper  carbon,  while   in  Kumpe  the   annealing  is  continued 
until  the  greater  part  n  is  n-mov«-d;  this  can  In- 

done  only  witli  thin  -  iiich  will  look 

like  a  piece  of  1 
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have  a  velvety-black  interior,  a  light-gray  band  at  the  sur- 
face, and  a  thin  white  skin;  for  this  reason  Europeans  call 
American  malleable  castings  black  heart. 


IRONS    USED  IN    MAKING    M  \  I.I.I .  \  Id   i 

17.  The  pig  irons  used  in  malleable-iron  castings  may 
be  either  charcoal  or  coke  irons.  Charcoal  irons  are  the 
best,  owing  to  their  greater  freedom  from  oxidation.  In 
other  respects  coke  irons  make  equally  as  good  malleable- 
iron  castings. 

Charcoal  pig  irons  used  for  this  work  are  all  made  by  the 
warm-blast  process,  the  cold-blast  iron  being  entirely  too 
expensive.  Charcoal  irons  are  used  now  only  in  the  Lake 
regions  where  the  blast  furnace  is  near  the  foundry,  and 
freight  charges  are  not  too  great.  The  cost  of  the  charcoal 
irons  is  higher  than  that  of  the  coke  irons  and  the  latter  are 
therefore  generally  used,  except  in  localities  where  the  dif- 
ference in  cost  is  offset  by  the  relative  freight  rates,  or  other 
conditions  that  may  enter  into  their  use.  When  charcoal 
irons  are  used  they  are  usually  of  grades  running  from  No.  1 
down  to  No.  6.  Nearly  all  these  irons  are  now  sold  by  anal- 
ysis, and  the  following  table  will  show  the  percentages  of 
silicon  usually  found  in  each. 

TABLE    I. 


AMOUNT  OF   SILICON    IN   CHARCOAL   IRON. 


Grade  of  Iron. 

Percentage  of 
Silicon. 

Grade  of  Iron. 

Percentage  of 
Silicon. 

i 

1.25  to  1.50 

4 

•5°  to.  75 

2 

i.  oo  to  1.25 

5 

.30  to  .50 

3 

.75  to  i.  oo 

6 

.  10  to  .30 

In  the  market,  each  number  has  three  subdivisions,  as,  for 
instance.  No.  2  soft,   No.  %  medium,  and  No.  2  hard.     In 
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the  ublc.  the  upper  limit  of  silicon  corresponds  to  the  I 

•Jic  hard,  and  a  point   midway  to  the  medium, 
numbers  arc,  however,  gradually  disappearing, 

and  for  malleable  purposes  coke  irons,  having  been   it 

bought  only  by  analysis. 

is.  v   malleable  u  ve  stocks  of  all  numbers 

constantly  on  hand.     This  is  not  necessary,  for  the  hk 
numbers  are  used  only  in  case  come  out  a  lit t It- 

gray.     With  well-regulated  mixtures  for  light  work,  su< 
agricultural  castings,  the  stock  in  the  yard  should  be  about 
as  follow  mining  1.5  percent,  silicon,  one-eighth 

5  per  cent  ,  one  half  of  the  st 
•  or. fourth  of  the  stock;  the  remainder  should 
•  percent,  silicon.     F«>r  the  heavier  grades 

Containing  1.25  and  1  per 

i re  reversed.     A  stock  book  should  be  kept 

and  the  quantities  of  iron   required,   whirh   quantities  are 

•tnim-d  by  experience,  ordered  periodically,  so  that  n<> 

shortage  may  occur  at  a  critical  moment. 

I  M.  kn»wn  in  the  market  under  various 

at-  malleable  coke  and  malleable  Hess.  i  he  most 

ide   and  are  usually  v  Malle- 

BeSSemerS  ;.  ••-.   as   th<  :.iil\    made    up    ot 

bad  heats,  as  has  already  been  explained.     When  making  a 

•  lire  should  omtain  as 
-ible;   the   gat'  -    t'roin  the 
•uld    IK*    1  •:.,-    l,ad 

••   sh-.uld  then  be  made  with  the  same  mixture 
'••ars  bp-ki-n        It   th.-  •,-  up  to  the  a 

•  lie  results  are  not 
iioiild  ?iot  be  bought. 

ties  «•!"  pig  iron  kept  in 
Sill- 
ier cent.,  i.  i   l   p. 
t  over  .8  per  cent    for  all 
sulphur,    no:  ,,„-    an    R,-(! 
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phosphorus,  not  over  .225  per  cent,  for  all  grades.  In  some 
cases,  however,  the  percentage  of  manganese  is  made  as  low 
as  .4  per  cent,  instead  of  .8.  Specifications  for  carbon  are 
not  necessary,  and  it  is  desirable  to  get  the  sulphur  as  low  as 
.20  per  cent.,  if  possible,  and  the  phosphorus  down  to  .1  per 
cent.  A  leeway  of  .05  per  cent,  of  silicon  is  allowable  either 
way.  In  piling  the  iron  in  the  yard,  it  is  advisable  to  spread 
a  car  load  in  line  on  the  ground,  then  spread  each  successive 
car  load  of  the  same  analysis  on  top.  In  using  the  iron,  it 
should  then  be  drawn  from  the  end  of  the  pile.  In  this 
way  a  good  average  of  the  iron  is  obtained,  poor  car  loads 
are  mixed  with  good,  and  the  composition  is  kept  uniform. 

2O.  The  scrap  produced  in  the  malleable-iron  foundry 
is  of  two  kinds :  Jiard,  or  unannealed,  scrap,  which  includes  the 
gates  and  scrap  castings  that  come  from  the  trimming  room, 
and  malleable  scrap,  or  annealed  material  from  the  finishing 
rooms,  and  that  bought,  or  for  which  good  castings  have 
been  exchanged. 

Hard  scrap  should  be  tumbled  in  the  tumbling  barrels 
to  clean  off  all  the  foundry  sand  that  may  adhere  to  it;  this 
saves  fuel  in  melting  and  leaves  the  bath  cleaner.  It  is 
important  to  have  this  scrap,  or  sprues,  as  it  is  called  in 
malleable-iron  foundries,  well  mixed;  that  is,  if  two  or  more 
heats  are  made,  the  scrap  from  all  these  should  be  well 
mixed,  because  if  any  one  heat  should  be  burned,  the  scrap 
from  it,  if  it  went  entirely  into  one  heat,  would  spoil  that  also. 
When  scattered  through  the  scrap  of  several  good  heats,  how- 
ever, the  bad  effects  are  reduced  and  eventually  disappear. 

Annealed  scrap,  which  has  in  the  past  only  been  fed 
into  the  cupola  with  the  iron  for  pots  for  annealing  purposes, 
is  now  very  extensively  used  in  making  malleable  iron. 
When  the  malleable  scrap  is  very  rusty  it  should  be  fed  into 
the  pot  mixture,  as  it  might  cause  trouble  by  forming  pin- 
holes  in  the  surface  of  malleable  castings. 

Steel  scrap  is  composed  of  plate  shearings,  old  files, 
shafts — in  fact  any  kind  of  steel  scrap  in  pieces  weighing  not 
over  250  pounds.  It  is  generally  added  to  the  mixture,  but 
in  some  cases  the  market  value  of  such  scrap  is  so  high  that 
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it  can  t»  aold  and  other  n.  •    prices  that 

will  rn.-»Mr  inallr.r  duced  more  cheaply. 

0         i  combination  of   iron  and  sili 

with  small  f»  other  impurities.      It  is  SOIIUM  : 

looked  upon  AS  an  iron  running  extremely  hi^h  in  sili 
A  car  load  of  this  useful  material,  which  may  contain  ! 
8  to  14  per  ci  .!« -on.  should  •.«•  kept  on  hand. 

It  often  hapjK-ns  that  the  furnace  works  badly,  and  the  heat 
roust  remain  inthr  furnace  longer  than  it  ordinarily  should. 
The  .:iniifd  hrat  burns  out  much  of  tin-  silicon  and 

causes  the  absorption  of  gases  to  Mich  an  extent  that  the 
is    ruined    for   all    casting    purposes.      The    addition    of 
•»    150    to    500    pound-  well    Mirred.    or 

rabbled   in,  will,  however,  save   th-  ''hou^h   tlu- 

iot  so  strong.     The  heat  may  also  be  run 
into  pig*,  and  used  subsequently  with  the  sprues. 


MI\  i  i  1/1  s. 
JLiMHiriciitioii     of      \l.,Ilc;il>lc     Mixtures, 
mixtures  usrd  in  malleable-iron  casting  depend  on  the  n. 

Bit,     There  are  three  of  these  pj.  ;1   use  in 

K>mer 

si-ailed  '  •              //  h fur! /t. 
•  rss,  kt>. 

being  very  v\  .  although  in  ICu- 

»  large   j  Mill  made  by  it. 

CttpOlfli    M.Ntor,        The   mixture   forth.-   cu|H>hi 
^  ^^  n  good   condition. 

a*  the  a  i  Surned    ..tit    is  (juite   constant. 

•    I  •     I  ..id  .«; 

l*r  this  ia    usually    the 

CmSC   in    work  i    proers- 

miv  i|)..l.i   m  .diout  .S.-)   per 

\"     I    Ul  DaC«,      Mixture. 

this  process  there  is  a  t  rouble  in  connect  ion 
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with  the  mixture,  unless  the  blast  gives  out  or  the  fires  are 
not  properly  attended  to.  As  this  is  seldom  the  case,  care 
must  be  taken  to  provide  only  as  much  silicon  as  is  required 
in  the  casting  and  the  amount  burned  out ;  the  latter  usually 
amounts  to  about  .35  per  cent.,  but  depends  in  part  on  the 
manner  in  which  the  furnace  is  run.  In  order  to  get  cast- 
ings with  .5  per  cent,  of  silicon  the  mixture  must  contain 
.85  per  cent,  of  silicon  when  it  enters  the  furnace. 

25.  Open-Hearth    Mixture. — The    mixture    for    the 
open-hearth  furnace  requires  the  closest  attention.   The  prod- 
uct of  this  type  of  furnace  is  superior  to  that  of  other  types, 
but  the  process  is  more  liable  to  irregularities.     The  amount 
of  silicon  burned  out  is  from  .3  to  .4  per  cent,  when  nortnal, 
and  may  occasionally  run  up  to  .75  per  cent.     It  is  therefore 
well  to  have  a  supply  of  ferrosilicon  in  a  box  close  to  the  fur- 
nace to  add  to  the  bath,  if  necessary,  but  it  should  be  used 
only  when  absolutely  necessary.     There  is  at  times  a  tempta- 
tion for  the  melter  to  let  the  heat  drag  along  without  exert- 
ing himself  to  keep  it  rabbled  up,  and  then  cover  up  this  lack 
of  attention  on  his  part  by  the  addition  of  ferrosilicon. 

26.  Calculation  of  the  Malleable  Mixtures.— The 
first  step  in  calculating  the  proportions  of  the  mixture  is  to 
proportion  the  pig  iron  to  the  scrap.     In  normal  malleable 
practice  equal  quantities  of   these    are  used;  where  much 
heavy  work  is  made  more  pig  iron   is  used;  and  for  very 
light  work  more  sprues  are  required.     It  is  not  good  policy 
to  have  more  than  70  per  cent,  of  pig  iron  in  the  mixture,  as 
otherwise   the  castings  will   be  weak;  if  more  than  70  per 
cent,  of  sprues  are  used,  there  will  be  trouble  from  excessive 
contraction,  cracking,  and  incomplete  annealing. 

Suppose  50  per  cent,  of  scrap  is  to  be  used;  this  may  be 
made  up  of  45  per  cent,  of  hard  sprues  and  5  per  cent,  of 
malleable  scrap,  or  where  the  open-hearth  process  is  used 
25  per  cent,  of  hard  sprues  and  25  per  cent,  of  malleable  scrap 
may  be  used,  the  remainder  of  the  mixture,  50  per  cent., 
being  pig  iron.  For  purposes  of  calculation,  malleable  scrap 
may  be  assumed  to  contain  .4  per  cent,  of  silicon.  The 
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percentage  ut 

igh  the  labor  I  suppose  i.-r  illu-  that 

•  ii  is 

sclc  :ch  the  largest   qtian: 

bund,  say  iron  with  1  per  < 

the  mix:  .ulc   up  «•!   a  pig  iron   that   will  supply  the 

.piired.      The  aniomi!  itter 

may  be  determined   l»y   trial,  especially   it"   the   iron 

that  would  jr  I  not  at  haiul. 

The  •  .  : p"iu. 

in  the  coal  luriia  :    Assuming  that 

9, 000  pounds  of  v  ,          >>uuds  «»f  malleai 

arc  used,  we  have 


Pounds. 

Per 
SUi. 

nds. 

Sprues.  .  . 
Malleable  scrap  

9,000 

1,000 

•5 

••» 

45 

4 

If  there  should   be  on   hand  a  goo<l   stock  I  iron, 

running  1  per  cent.,  and  !1  running   1  cent, 

of  silicon,  these  may  be  taken  in  the  follo\\ 


Pounds. 

Per 
Bill 

M..--.-I         .    .. 

5,000 

1  OOO 

I  .00 

I     2  C 

50.0 

Jtwv 

1  •  Z5 

37-5 

n  are  still  2,000  pounds  to   be   provided.     To    find 
what   can  I-  ,,  see    how    many 

vc.85  per  cent  in  the  final 
mixture       T:  ,,,„),]    |)( 

. 
'•    pounds.    1.-  M.    furnished    by 

which   must  the: 
centage  of  a  .     ,  ,,,,,, 
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this  high  percentage  of  silicon  in  stock,  it  is  necessary  to 
reduce  the  Mabel  and  increase  the  Briar  Hill.  The  object 
is  to  leave  just  enough  silicon  to  be  provided  for  by 
something  that  is  in  stock.  By  trying  a  few  times,  it  is 
found  that  3,000  pounds  of  Mabel  and  6,000  pounds  of 
Briar  Hill  will  give  proportions  of  silicon  that  can  be 
used,  as  indicated  by  the  following  calculation: 


Pounds. 

Per  Cent,  of 
Silicon. 

Total  Silicon. 
Pounds. 

Mabel  

3,000 

I  .  OO 

^o 

Briar  Hill       .  .      . 

6  ooo 

I  .  2Z 

7C 

/  J 

When  added  to  the  original  49  pounds  from  the  scrap, 
this  will  give  154  pounds  of  silicon  out  of  the  170  required. 
This  leaves  16  pounds  of  silicon  and  1,000  pounds  of  iron 
yet  to  be  provided.  Seneca  iron  with  1.5  per  cent,  of 
silicon  will  supply  approximately  these  amounts.  Using  the 
Seneca  iron,  the  mixture  would  now  be  as  follows,  which 
gives  .845  per  cent,  of  silicon: 


Pounds. 

Per  Cent,  of 
Silicon. 

Total  Silicon. 
Pounds. 

Sprues 

9  ooo 

.  ^o 

A  C 

Malleable  scrap.  .  .  . 
Mabel. 

I,  OOO 
•7   OOO 

.40 

I     OO 

TO 

4 
•20 

Briar  Hill  

6  ooo 

I  .  2  Z 

ow 

7  ^ 

Seneca 

I    OOO 

I     ^O 

I  c 

J.  .  ^w 

*D 

Total  

20  ooo 

1  60 

i  v/y 

The  open-hearth  mixture  is  calculated  in  exactly  the  same 
way.  In  both  cases  100  pounds  steel  can  be  thrown  in  with- 
out upsetting  the  calculations.  In  the  cupola  mixture  the 
method  outlined  above  is  also  employed.  Here,  however,  it 
is  necessary  to  deal  with  small  charges  of,  say,  2,000  pounds 
each,  these  being  charged  into  the  cupola  with  layers  of 
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coke  between  them.      Ti.  'l«ne  as  in  the  ^ 

.  with  the  exception  that   in  malleable 

the  |  .;ed  should  be  double  that  used  f,,r 

gray  I  pounds  of  iron  nd  of  coke,  instead  of 

pound    .  - 

••.jh   to  run   the  light  castings  to  which 
process  is  alone  adapted. 

\i  i  \ «  ure. — One  of  the  large  items  of  exp< 
malleable  foundry   is  met  with  in  the  maintenance  of 
the    annealing    jx>ts.       The   pots  la^t    lr<>m    four  to  t\\ 
"M  thrir  composition.     As  they  are  \va 

away  during  the  process  of  annealing,  they  tic  ally  a 

dead  loss,  and  as  the  average  pot  weighs  300  pounds  this 
forms  quite  an  import. mt  r 

As  it  is  essential  to  have  an  iron  with  a  high  melting  point 
and  at  the  same  time  as  refractory  as  possible,  it  must  be  j 
and  :  i  graphitic  carbon.      It  is  therefore  advisable  to 

use  the  t  .d  whenever  there  is  too  much 

igh  sprues  for  the  regular  mixture 

•re  ;  :    in   the  regular  day's   run.      As.  however,  this 

•lough  pot  --aling  room  1  day 

•  i)  the  *•  i  necessary  either  ase  th<    <  harge  of 

the  furnace  and  use  the  regular  malleable  mixti  ,  run 

:«>!a  e»p<  |   this  purpos.-.      The  j.ot  mixture  when 

mrhrd  in  a  cup<»la  is  made  up  of  the  pig  irons  used  for  mal 
US,  and  as  much  malleable  scrap  as  it  will  CJ 

:  -hould  be 

.6  per  rent..  ;<•  woidd  con 


Silicon.  ' 

.^.000 

I     OOO 

.40 

12.  O 

;! 

3,000 

6,  ooo 

•75 

I  .00 

7-5 

20.  O 

39-5 
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The  average  amount  of  silicon  in  this  mixture  is  .66  per 
cent. 

It  is  not  advisable  to  remelt  the  old  pots,  as  they  are  too 
heavily  oxidized.  Pieces  of  iron  too  large  to  be  charged  in  a 
furnace,  commonly  called  salamanders,  when  broken  up  small 
enough  to  go  into  the  charging  door  of  the  cupola  should, 
however,  be  utilized. 

28.  Pill-Heat  Mixture. — Another  mixture  used  in  the 
malleable-iron  industry,  when  the  open-hearth  process  is 
employed,  is  called  a  pill  heat.  It  is  used  when  it  is  neces- 
sary to  cut  down  the  bottom  of  the  furnace  or  hearth. 
About  3,000  pounds  of  pig  iron  containing  about  1.5  to 
2  per  cent,  of  silicon  is  melted  and  rabbled  about  the  bottom, 
washing  the  whole  space.  This  iron  gradually  oxidizes, 
unites  with  the  slag,  sand,  and  burned  iron  in  the  bottom, 
loosens  it,  and  forms  a  copious  slag.  When  the  whole  is 
tapped  out,  very  little  iron  is  left,  and  that  is  of  such  a  poor 
quality  that  it  should  only  be  fed  cautiously,  a  little  at  a 
time,  into  the  pot  mixture.  It  is  a  good  plan  also  to  add  a 
little  fluorspar  to  this  mixture  to  thin  it  down  while  in  the 
furnace. 


MALLEABLE-IRON    PRODUCTION. 

MELTING     PROCESSES    AND     EQUIPMENT. 

29.  Classification     of     Melting     Processes.  —  In 

American  practice  the  iron  for  malleable  castings  is  melted 
almost  entirely  in  the  cupola,  the  coal,  or  air,  furnace,  or  the 
open-hearth  furnace.  As  the  melting  process  in  each  of 
these  is  somewhat  different,  this  subject  is  divided  under 
these  three  headings,  and  the  process  for  each  explained. 

30.  The  Cupola  Process. — Malleable  iron  melted  in 
a  cupola  has  the  disadvantage  of  an  extremely  close  struc- 
ture in  the  hard  casting;  this  causes  trouble  in  annealing. 
In  fact,  an  annealing  oven  charged  with  cupola  iron  always 
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requires  a  temperature  of  from  x'00°  to  300°  F.  above  that 
necessary  to  anneal  furnace  iron  in  order  to  effect  the 
change  of  carbon.  The  re,  moreover,  not  as 

strong  as  those  made  of  furnace  iron,  and  hence  cupola  iron 
snl  only  for  the  lightest  work  where  the  shape  is  more 
imi>orunt  than  the  strength.     The  cost  is,  h.,\vever,  al 

^  per  pound  than   the  same  a  made  of  fur- 

:ul    for    •  -«»n   saddlery,    hardware,    pipe 

fittings,  bicycle  parts,  wagon  castings,  etc.  are  all  made  of 
cup«  Where  strength  is  essential,  as  in  the  case  of 

car  couplers,  motor  gears,  etc.,  and  steel  castings  are  too 
expensive,  furnace  malleable  is  always  u 

The  process  of  melting  a  malleable  mixture  in  a  cupola  is 
the  same  as  that  for  melting  gray  iron,  which  is  fully 
described  in  Cupola  /  As  has  already  been  stated, 

the  only  difference  between  the  mixture  used  in  cupola  prac- 
iron  and   mallea  the  amount  of  coke 

used.     In  the  b<  tice  in  malleable-iron  work 

4   pounds  of  iron  is  <  1  pound  of  coke.      A  larger 

nan   in  gray  iron   in  order  to 

re  a  sufficiently  high  temj>erature  to  make  the  iron  run 
M   should  be    so  hot   when  poured   that  it 
squirts  out  of  the  Ids. 

I»  re  and  preparing  the  charge  for  the 

cupola,  it  is  important  that  the  pig  iron  be  broken  up  int.. 
small  pieces;  as  in  mrhing,  the  thin  sprues  melt  first  and 
go  to  the  bottom,  while  the  more  slowly  melting  pig  iron 
comes  down  afterwards.  If  the  cupola  is  tapped  out  into 
hand  lad  i.ull  ladle,  and  tl.  i 

Casr.  •  r   that  the  ii  ,1,1^ 

thrre  is  rvery  lik-  on  metal  getting  into 

thc  :  i*>ured    first,  and   the    high-silicon   iron 

>gs  are  therefore    liable  to 
**  *'•  nl>  i"  t'  which  causes  trouble 

•«'c-ss.  but   the   eastings  made   tirs: 
f  scrap  and  the  last  entirely  of  pig  i; 
Fhc  §<  ,ngs  are  liable  to  na«k  and  warp,  and  the 

pig-iron  castings  are  spongy  and  w 
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31.  Coal-Furnace,  or  Air-Furnace,  Process. — The 
coal-furnace,  or  air-furnace,  process  makes  better  mal- 
leable castings  than  the  cupola  process.  It  takes  longer  to 
prepare  the  heat,  but  allows  it  to  be  poured  more  quickly, 
thus  giving  the  molders  more  time  for  actual  molding.  It 
was  formerly  the  aim  of  every  malleable-foundry  owner  to 
put  in  coal  furnaces,  just  as  at  the  present  time  it  is  the 
aim  to  use  the  open-hearth  furnace.  The  disadvantage  of 
all  hearth  or  furnace  processes  as  against  the  cupola  lies  in 
the  greater  lack  of  flexibility,  a  furnace  not  being  econom- 
ical vhen  not  fully  charged.  The  expense  of  running  the 
cupola  is  less,  but  this  is  offset  by  the  better  grade  of  castings 
produced  by  the  furnace  processes.  A  breakdown  of  the 
cupola,  also,  is  more  serious,  and  the  delay  longer.  The  first 
cost  of  the  coal  furnace  is,  however,  greater  than  the  cupola, 
and  the  open-hearth  furnace  is  still  more  expensive. 

The  coal-furnace  process  is  carried  out  in  several  ways. 
In  the  simplest  of  these  the  ordinary  reverberatory  furnace, 
which  is  illustrated  in  Fig.  1,  is  used.  Although  it  has  been 
almost  entirely  superseded  by  other  forms,  it  is  the  least 


FIG. 


complicated  form  of  furnace  and  is  still  used  in  some  malle- 
able foundries.  As  the  air  is  supplied  by  natural  draft,  the 
melting  is  necessarily  slow.  The  iron  is,  however,  for  this 
reason  not  subjected  to  the  serious  oxidation  of  a  blast,  and 
better  castings  are  therefore  produced.  Excessive  oxida- 
tion causes  pinholes  in  the  surface  of  the  castings,  and 
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these  are  avoided  by  this  process.     The  be  1    of  fit- 

and  all  I  :rinvj    MI! 

>rem   to  give  least   trouble  when   melted   in   this 
slow,  although  ve,  way. 

...I,    .M       \ir,     I'tiriKicc.   -In 

thr  furnace  shown  in  the  from  of 

which  are  located  the  ash-pit  do 

I,     The  door  OJXM  >dd  extend  far  enough  al 

the  grate-bar  rests  to  permit  the  grate  ba:  n  <>ut 

when  the  fire  is  dumped.     The  K  ihown  at  /»,  with 

the  firing  d«  above;  c  is  the  bridge  wall  over  which 

•i,   striking   the  roof,   and  reflect: 
u  the  c:  'aich    is    piled  on  the  sand  liot- 

-/.       When    mrl:  :  ^c    is    tapjH-cl    out     . 

/,/arcpoke  holes  through  which  the  charge-  is  rabblrd  and, 
•'•••n    hii-kory   poles;   //   is   the  skim- 
ming and  charging  door,  the  bott«.iu  «.f  which   is  on  a  level 


witl:  .f  thr  bath  ..f  melted  iron,     The  t 

of  a  series  of   br:  '.»  inches  thick    and  al 

ted   as   shown   in 
u'.nly    called     IMIIIICN.    -an    be    repaired    e. 

when  bu-  ,.n<l  when    lifted  off  leave  the 

wh'  'i'),,. 

ace  are  r. 

tn  *'  :  skiniini; 

:    the    plates    .-, i,  ,!,«.,- 

with   burkstavcs  i  are   line,!  with    ! 

which  must  t>c  of  • 

ild   be  no  sharp  corners  in   tin-  furnace 
interior,  a*  thr  brick  at  the  -  would  soon  burn 
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Expensive  repairs  at  the  base  of  the  stack,  for  instance,  can 

easily  be   avoided  by  rounding  the  corners  of  the  flue,  as 

shown  at  z, /,  and  k,  Fig.  1, 

instead    of     making    them 

sharp,  as  shown  by  the  full 

lines  in  Fig.  3.     The  dotted 

lines    in    Fig.    3    show    how, 

when    the    corners    are    left 

square,  the  flames  cut  out  the 

brick  after  a  few  weeks'  run. 


FIG.  3 


34.  The  other,  and  more 
generally  used,  forms  of  the  . 
reverberatory,  or  coal,  or 
straight-draft,  furnace,  as  it  is  sometimes  called,  differ 
from  the  simple  form,  just  illustrated  only  in  the  addi- 
tion of  an  air  blast  to  hasten  the  melting  process.  Two 
modifications  of  '.his  more  modern  type  are  in  use.  In  the 
first  the  blast  is  introduced  into  the  ash-pit,  as  shown  at  a, 


FIG.  4 


Fig.  4;  while  in  the  second  modification,  an  additional  air 
blast  is  introduced  over  the  bridge  wall,  as  shown  at  b,  the 
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object  of  the  second  blast  being  to  force  the  flame  down 
upon  the  iron  and  complete  the  combustion.  The  fire 
obtained  by  means  of  this  arrangement  is  very  hot,  and  the 
time  required  to  do  the  melting  is  very  much  shortened 
thereby,  it  being  possible  by  this  method  to  melt  a  charge 
of  about  7  tons  in  about  4  hours,  while  with  the  natural- 
draft  system  it  might  take  nearer  7.  It  is  at  the  present 
time  used  more  extensively  than  any  other  method,  although 
the  very  high  temperature  of  the  flame  is  rather  hard  on 
the  iron. 

In  Fig.  4  the  bungs  do  not  extend  over  the  grate,  this 
part  being  arched  over  with  brickwork.  Practice  differs 
somewhat  in  this  respect,  some  malleable-iron  founders  pre- 
ferring this  construction,  while  others  prefer  to  have  the 
bungs  extend  clear  to  the  front  of  the  furnace,  as  shown  in 
Fig.  1.  The  blast  pipe  c,  Fig.  4,  is  usually  made  of  galva- 
nized iron,  the  bends  being  made  of  a  radius  equal  to  the 
diameter  of  the  pipe.  The  blast  gates  d  and  e  are  simply 
dampers  inserted  in  the  pipe.  The  blast  should  be  brought 
in  at  the  side  of  the  furnace  in  order  to  allow  the  ash-pit 
doors  to  be  placed  at  the  front.  This  will  enable  the  fires  to 
be  drawn  more  easily.  In  Fig.  4,  the  blast  pipe  is  shown 
at  a  instead  of  on  the  side  of  the  furnace  in  order  to  simplify 
the  illustration. 

35.  Fig.  5  shows  the  type  of  furnace  ordinarily  used  in 
a  malleable-iron  foundry;  a  is  the  grate,  b  the  fire-door  and 
apron,  c  the  ash-pit  doors,  d  the  blast  pipe,  ^the  bridge  wall, 
/  the    hearth,  g,  g  the  tapping  spouts,  //,  h  the  charging 
doors,  i  the  chimney  flue,  /, /the   bungs,    k  the  cast-iron 
plates  forming  the  outside  of  the  furnace,  /  the  brick  lining, 
;//  the  buckstaves,  and  n  the  tie-rods.     When  more  than  one 
heat   is  taken  from   a  furnace  in  a  day,   one  bung  at  the 
middle  may  be  made  of  double  width  to  facilitate  the  char- 
ging when  the  furnace  is  hot. 

36.  The  most  important  part  of  a  furnace  is  the  bottom, 
or  the  sand  hearth  d,  Fig.  1.     Owing  to  the  higher  temper- 
ature to  which  it  is  subjected,  the  bottom  of  the  open-hearth 
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furnace  :  than  that  of  tin 

furnace.     If  the  bottom  is  put  in  rightly  when  the-  1'urn.i 
first  built,  it  is  gi  essary  t-  after 

third    heat.     Tl.  al    used    for 

bottom   i.s  tire-sand,   I  -1  containing 

nearly  100  per  rrnt.  of  pi:  .  although  it  may  contain 

up  t  ••!'  lime,  iron,  and  clay.     It  aground 

the  int.  ed  on  the-  bottom 

for  a  short  ti  ;<  e;  this  : 

the  sand  mg  up  and  floating  on  the  bath  of  melted 

iron.  If  the  sand  were  permitted  to  float,  the  iron  would 
speedily  cut  its  way  through  the  bottom  into  the  furnace  pit. 
When  this  begins,  and  in  fact  in  all  other  emergencies,  the 
best  availabl-  must  be  iiM-d  to  stop  the  flow  of  iron. 

Each  case  requires  individual  tn-at  inent,  and  no  method  that 
will  be  applicable  generally  can  be  described.    The  necc 
.ich  case,  however,  requires  means  to  Mop  the  il< 
kly  as  possible,   either   by    the  application  of  molding 
sand  or  even  a  stream  of  water,  if  it  can  be  applied  without 
disastrous  consequences. 

7.     While  the  bottom  of  a  furnace  is  the  most  important 
part,  the  roof  .  •      Brown,  must  also  be  la 

after  carefully.     A  small  pneumatic  crane  installed  nev 
the  furnace,  to  lift  the  bungs  or  individual  sectioi 
crown,  swing  them  over  the  furnace,  and  run  them  out  into 
posit  !    be   found  <>f    very  grea-  tlier 

handling   the   bir  t.  len^th- 

in   I  beam   equipped    with  a    hand- 
.....  Well   upon  it  ;   this  is  the  older 
nirt;  lually  bring  displaced  by  more  modern 

• 

•ully  mudde.l  heat  may  escape  or 

iwn  in.     Tlr  with  fireclay  mixed  with 

wnd.  wrtted  down,  and  worked  int 

k       "hr  prrj.  f  the  filling  in  win',  h  the  tap  hole 

III      V  ,  I 

V.uld  tfive  away  while  tapping  the  whole  heat  would 
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run  on  the  floor,  and  if  the  roof  of  the  building  should  be 
made  of  wood,  it  would  probably  burn  down  the  whole  foun- 
dry. The  best  material  for  making  the  breast  is  fire-sand 
that  has  been  mixed  with  a  little  fireclay  to  bind  it,  and 
enough  coke  dust  to  allow  it  to  be  easily  broken  out.  A 
common  bod  stick,  similar  to  that  used  with  a  cupola,  is 
used  to  close  the  tap  hole.  Graphite  sleeves  and  stoppers 
for  the  tap  hole,  shown  in  Fig.  6,  are  now  on  the  market, 


FIG.  6 


the  sleeve  a  being  built  into  the  breast,  and  the  stopper  b 
mounted  on  a  rod,  as  shown.  The  stopper  is  held  against 
the  spout  while  the  stream  is  running  and  serves  to  check 
and,  if  necessary,  to  stop  the  flow.  Where  more  than  one 
heat  is  taken  in  a  day,  the  breast  is  made  substantial  enough 
to  last  for  the  day's  work.  Great  care  must  be  taken  in 
tapping  after  the  first  time,  as  iron  that  has  become  chilled 
may  have  lodged  on  the  inside,  and  some  heavy  driving  may 
be  required  to  loosen  it  and  crowd  it  inwards.  This  often  so 
injures  the  breast  that  the  heat  runs  out  and  is  lost.  The 
making  of  an  extra  breast  is  an  expensive  operation  and 
requires  considerable  time;  it  is  therefore  naturally  avoided 
whenever  possible. 
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When  the  sleeve  am;  n.  >t  used  in  preparing  the 

:ul  running  out  the  heat,  the  tapping  hole  is  pre- 

par,  e.     Several  bod  sticks  are 


are   usually  made  of  iron  of  tin-   : 
shown  in 

».  •*!„,. it      :   a  malleable   furnace  is  longer  than 

that   used   mi  a   cupola;    it   is   placed   about   ^  feet  0   inches 

above  the  floor  level  Large 
furnaces  may  have  two  spouts. 
one  on  each  side,  the  l><>tt<>m 
bein.  i  as  shown  ii, 

This  is  done  to  gel  out  a  !.. 
heat  in  as  sh-.rt  a  time  as  p, 
blc.  The  construction  of  the 

furnace  and  .tion  in  the  foundry  allow  a  spout 

to  be  provided  at  each  side. 

to.     v  L:  the  Coal  r  u  mace.— In  charging  upon 

a  cold  bottom,  the  bungs  of  the  furnace  are  usually  : 

|i..ttom  if   i  :    make  room 

If    the  bof  A-ly  made,  old    b> 

.  making  holes  li- 
the -  tted,       Th«-  -rap  Of  sj 

•  hiding  ,  ifl   put  in  fir^t . 

He  «>n  the  floor  or  brought 
\  lii«-h  are  taken  up  by  t\vo 

•  d    into   tlf  !     •         •  ftp   i^> 
thrr.                            j»ig  iron   thrown  in.      It   ; 

pfi  j.endicular  to  the 

IOHK  .f  the  fr  ling  it  up  like  cord  \\ 

beginning   at    the   bridge  wall   and   ending   at    the   throat    or 

:  his  j)iliiv  •  ,i<  ili- 

thr  melting 
because  -nclting  point, 
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being  white  iron.  In  the  meantime  the  stack  of  pig  iron, 
which  is  directly  in  the  current  of  the  flame,  is  getting  ready 
to  melt  down.  The  melter  must  then  take  his  bar  and  throw 
down  the  end  pigs  into  the  melted  bath,  where  they  are  soon 
assimilated.  With  a  nice  orderly  pile  this  is  comparatively 
easy,  but  with  a  pile  of  pigs  thrown  every  way,  it  is  very 
hard,  and  one  must  wait  until  the  whole  sinks  down  into  a 
semifluid  mass,  which  with  much  rabbling  will  gradually 
yield  and  mix  into  a  homogeneous  body  of  melted  iron,  but 
a  valuable  half  hour  will  have  been  lost. 

If  more  than  one  heat  is  taken  in  a  continuous  run,  the 
charging  is  usually  done  by  removing  the  charging  bung, 
and  charging  the  sprue  and  pig  iron  through  the  opening 
thus  made.  A  portion  of  the  iron  may  also  in  this  case  be 
charged  through  the  skimming  door,  using  for  this  purpose 
a  short  peel,  which  is  described  later  on. 

It  takes  from  f-  hour  to  1J  hours  to  charge  a  10-ton  heat. 
When  steel  is  added  to  the  mixture,  it  should  be  introduced 
after  the  metal  has  just  melted  and  is  covered  with  slag. 
Malleable  scrap  should  be  charged  on  top  of  the  hard  scrap 
and  just  under  the  pig  iron.  The  limited  gray-iron  scrap 
accumulated  by  the  malleable  foundry  can  also  be  fed  in  a 
little  at  a  time  without  injury  to  the  resulting  metal. 

41.  Melting  and  Refining. — When  the  temperature 
of  the  bath  becomes  high  enough  to  cause  oxidation  in  the 
bath  itself,  a  refining  process  takes  place.  Considerable  oxi- 
dation has  probably  been  going  on  during  the  melting  down 
of  the  pile  of  pig  iron,  as  the  scintillation  noticeable  as  the 
flame  sweeps  over  the  pile  indicates  a  combination  of  iron 
with  oxygen.  This  results  in  a  loss  of  silicon  before  the  bath 
is  uniformly  fluid.  As  the  bath  is  heated  up,  it  becomes 
more  fluid  and  the  slag  begins  to  separate  and  float  on  top, 
forming  an  effective  protection  for  the  iron  while  the  heat- 
ing is  continued.  When  the  bath 'is  hot  enough  to  show 
distinct  signs  of  boiling,  a  reaction  is  going  on  within,  the 
oxygen  present  uniting  with  the  silicon  and  manganese  and 
entering  the  slag  as  oxides  of  silicon  or  manganese.  It  is 


::   CASTING. 


§51 


hasten  this  reaction  and  utilize  the  affini: 
\VKCII   to  partial!.  ut   the   BJ  Thi* 

I  an  interior  heat   tl  I  tin-  u-mperature   of  the 

:i\g  will  (1<>.      The  bath  is  therefore 

skimmed,  by  means  of  a  >kimminvc  t<  rn   in 

»  (<j),  which  is  well  daubed  with  «  I  and  dn< 


•m  of  skimming  to.. I.  shown  in  Fi^.  $(/>).  i 
be  made  Mat    iron,  drawn  down  to 

11   inches  on  one    end.    and    1  at    the    flat    en<i 

shou  t""|    js   r.ixily  made  and    la>ts   longer  than  the 

j.  »  (/;). 

The  slag  is  d  off  the  bath  and  drawn  out  of  a  door 

in  the  side  of  tin-  furnace  provided  for  that  purp 

h  it  is  wet  down  with  water  and  removed.      The  bath  is 

id  greedily  absor  from  the 

lc  oxide  and  the  free  oxygen  «  -.\ith  the  burning 

gases  from  the  fuel.      The   eombu,  gen  with    the 

•     •     iron    raj)idly 

becomes  lii^i  -kirn 

again,  an  \'i\>-  burning: 

the  -  that  It  i  Miially   and    e..mbiiies 

with  the  san<!  •  :i..nld 

iron    in  ihe  .. y  be 

saved  by   rolling  the  latter   in  mill  and    wa>hii 

whi-  ,  skimm«-d  ..||  in  tin-  i 

ivm^r  1K.( 

i»ln»i  abnut  I  \ 

•    ild  formed 
by  forcing  a  tapered  piece  of  wood  of  about  tl 
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box  full  of  molding  sand.  A  furnace  dipping  ladle  shown  in 
Fig.  10,  which  has  previously  been  well  daubed  with  clay 
wash  and  dried,  is  now  taken  and  melted  iron  dipped  from 
as  low  a  point  in  the  bath  as  the  melter  can  reach  by  push- 
ing the  ladle  downwards.  This  is  poured  into  the  hole 


FIG.  10 

made  in  the  molding  sand  and  allowed  to  set.  As  soon  as 
the  iron  will  hold  together  it  is  drawn  out  with  a  pair  of 
special  tongs  and  cooled  very  slowly  by  dipping  into  a  water 
tank,  commonly  called  the  water  bosh,  which  is  always  kept 
near  the  furnace  for  the  purpose  of  cooling  the  long  and 
heavy  poking  bars. 

In  order  to  prevent  too  rapid  cooling,  it  is  advisable  to 
plunge  the  bar  into  the  water  and  withdraw  it  quickly,  allow 
it  to  turn  red,  then  dip  it  again,  and  repeat  this  operation 
until  it  is  cool;  this  should  occupy  about  7  or  8  minutes.  If 
it  is  cooled  too  rapidly,  one  is  liable  to  be  deceived  regarding 
the  condition  of  the  iron  in  the  furnace.  Sudden  cooling 
chills  the  iron  and  causes  the  fracture  to  appear  white  even 
when  the  iron  is  not  of  the  right  composition. 

When  the  test  bar  has  been  cooled  it  is  broken  by  striking 
it  sharply  against  some  iron  corner  and  the  fracture  carefully 
observed.  If  it  shows  good  radial  crystals  with  little  or  no 
mottling  in  the  center,  the  heat  is  ready  to  tap.  If  the 
plug  is  heavily  mottled  or  even  gray,  the  bath  is  either  too 
cold  or  has  too  much  silicon  in  it.  It  is  then  necessary  to 
hold  the  heat  anywhere  from  10  minutes  to  1  hour  longer, 
the  less  the  better  for  the  iron.  Tests  are  made  from  time 
to  time  until  the  desired  fracture  is  obtained,  after  which 
the  tapping  is  proceeded  with  at  once. 
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If,  on  the  other  hand,  the  plug  is  perfectly  white  no  t 
should  be  lost  in  tapping.      If  tin-  heat  has  gone  to< 
plug  will  show  little  |  >in  holes  along  the  edge  or  skin.      It  this 

ie  cue,  it  is  advisable  to  ad  ferrosilio  ^bout 

150   pounds    or   more,    depending    on    the    circun 
broken    up    into    small    lump-.      This    should    be    stirred   <>r 
rabbled   in  well,   the  heat   held  about   «~>   minutes,   and   then 

>ed. 

i:i.      i/.iMiiinv:  the  c  1 1. -i  rice. — During  the  heat  a  good 
mrlter  will  rabble  the   inm  At  as  frequent  intervals  as  j 
ble.     The  frequency  with  which  this  may  be  done  is  d- 
minrd  by    the   endurance   of   the   melter,  the   work    being 
.;ly  trying.      By  stirring  frequently  the  bath  is  kept 
uniformly  mixed  and  the  chemical  reaction  promoted. 
rabbling  bars  are  often  made  of  11-inch  round  wrought  iron, 


about   15   feet   long,  and  of  the   form   shown    in    Fi-    11. 
•  s  are  welded  on  as  the  end  wears  away,     liars  of  the 
above  diameter  are,  however.  and    in 

foundries   a    IJ-inch    bar,    with    the   end    ben;  .tbout 

.  is  preferred.     Steel  ;  used  quite  e\ 

sively   in  some  i<  .  as  they  are  murh  cheaper  than 

wrought  '•  sough  they  melt  off  more  rapidly. 

1  I.      i  i   I  urn. ice.       :  •    •'      ,  'TV  important 

thai  -Maintained    upon    the 

/'•  "f  iron  in  the   furnace.      It  ;\   found  cconom- 

the  best  results  are  obtained  by  wetting  down  the 

coal,  whieh   is   then   |]  np»n    the   firing  apron.      The 

bed  «•!'  i-..al  ti  uld  l>e  leveled  "0,  th«- 

id  of  the   firebox 

1  "»ntin  mall  firing  ho,,k,  whi« 

*«ni;1  used  in  firing  a  boiler.     ( 

.>  tiring  is  necessary. 
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The  apron  on  which  the  coal  is  shoveled  consists  of  a  cast- 
iron  plate  or  trough  bolted  to  the  side  of  the  furnace,  and 
arranged  to  slope  downwards  toward  the  grate  at  an  angle 
of  about  30°. 

A  good  grade  of  soft  coal  should  be  used,  preferably  rich 
in  gas-making  qualities  and  free  from  sulphur.  With  good 
firing  and  a  well-proportioned  blast,  it  should  not  require 
more  than  50  pounds  of  coal  for  each  100  pounds  of  iron 
melted. 

When  more  than  one  heat  is  taken  from  the  furnace  before 
cooling  down  and  repairing  the  bottom,  the  fires  must  be 
cleaned  between  the  heats,  dumping  all  the  ash  and  cinder 
into  the  ash-pit,  and  kindling  a  new  fire  upon  the  grate.  If 
this  is  not  done,  the  air  spaces  between  the  grate  bars  become 
so  choked  that  it  is  impossible  to  obtain  proper  combustion, 
which  results  in  a  cold  heat  and  bad  iron. 
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MALLEABLE- IRON   PRODUCTION. 

(Continued.) 


OPEN-HEARTH   MELTING    PROCESS. 

1.  General  Construction  and  Operation  of  Open- 
Hearth  Furnace.  —  The  open-hearth  process,  also 
called  the  Siemens-Martin  Process,  takes  its  name 
from  the  style  of  furnace  used,  which  is  known  as  the 
open-hearth,  or  regenerative,  furnace,  and  in  modern  prac- 
tice invariably  uses  gas  or  oil  as  a  fuel.  This  style  of 
furnace  is  called  regenerative,  because  a  portion  of  the 
heat  of  the  waste  gases  is  returned  to  the  furnace  with  the 
incoming  air  and  gas.  In  this  style  of  furnace  the  ingoing 
air  and  gas,  when  gas  is  used,  is  heated  by  the  hot  gases 
as  they  leave  the  furnace.  This  is  accomplished  by  the 
arrangement  illustrated  in  Fig.  1,  which  shows  a  section 
through  an  open-hearth  furna'ce  constructed  for  the  use  of 
gas.  In  this  illustration  a  is  the  hearth;  b  the  crown  or 
roof;  £,  c,  c  the  charging  doors;  d,  d'  air  ports;  e,  e'  gas 
ports ;  /,/'  and  g,  g'  chambers,  commonly  called  regenerative 
c/iavibers,  filled  with  checkerwork,  which  consists  of 
special  checker  brick,  about  2j-  in.  x  2£  in.  X  9  in.  in  size, 
laid  up  loosely  in  alternate  layers  about  H  inches  apart; 
//,  h'  are  air  inlet  flues ;  and  /',  i'  gas  inlet  flues.  The  flues  //,  h' 
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and   i,  i*  arc  •  -i  with  pip- 

arranged  that  tli  i  ml  gas  may  be  made  to 

•f  the  furnace  at  the  will  «>f  the  O] 

while  the  burnrd  gases  go  ««m  at  the  other  Mile.     When  tin- 
air  and  gas  enter  at  */  and  <.  the  burned  gases  go 
and  «•'.  and  i:  .ting  through  the  k   in  tin- 

chambers /' and  ilu-   brick   t««  a   hii;h   l»-in|'rr.it  nrr. 

If  thedii  :  the  Cast's  through  the  I'm 


the  «  ,md  pas  will  pass  in  through  the  chamber 

and  g'  and  will   take   up  th<-  h«-at    pr.-vi..usly  ^ivm  to 
l>n«k.  thus  r:  th«  furna«  «•  at  a  high  temprrat  tin- ;   the 

burnrd  gasr.s  now  pass  out   through   tin-  chain 

beat  the checkerwork  in  them.     By  re\  :n<-direc- 

•f  the  gases  at   suitable  periods,  they  will  always  enter 
the    furnarr  in  a  highly   i 

i  vrry  high  tetnp-  ,unt 

•  •f  hr.it   that    would   nthcrwisr  ha\  up  the  chii: 

anil  I 

v;as  and  air  piping  <-nt->ide  of 
thr  fun,  |s  //(  //   an,| 

\  Mil    the    Hues   marked     with    t! 

:n<  h  the  ini4 
gates  may  be  ma  -r  either  side  of  the  fun 
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the  burned  gases  made  to  go  out  at  the  other  side,  through 
the  valves  and  the  flue  £to  the  chimney  /;  a  plate  damper  is 


u. 


FIG.  3. 


FIG.  2. 

placed  in  the  chimney  flue  k  to  regulate  the  draft.  The 
valves  /,/',  commonly  called  Siemens  valves,  are  constructed 
as  shown  in  Fig.  3,  in  which 

in  is  a  disk  valve,  which  is  v---11-— ,// 

situated  in  a  suitable 
chamber  above  the  cast- 
ing ^,  through  which  the 
air  or  gas  enters;  n  is  a 
butterfly  valve;  0,  o'  are 
openings  that  connect  with 
the  pipes  leading  to  the  fur- 
nace; /  an  opening  that  connects  with  the  flue  leading  to 
the  chimney;  and  q  a  casing  enclosing  the  valve  «. 

Suppose  that  the  valve  shown  is  connected  at/',  Fig.  2,  so 
that  the  opening  o  connects  with  /i,  and  o'  with  //.  When 
the  valve  n  is  in  the  position  shown,  the  air  enters  the 
valve  m,  passes  through  the  opening  o,  through  the  flue  /*, 
Fig.  2,  the  chamber  /,  and  flue  d,  Fig.  1,  to  the  furnace. 
The  gas  enters  through  a  similar  valve,  passes  through 
the  flue  2,  the  chamber^,  and  flue  e  to  the  furnace.  The 
hot  air  and  hot  gas  meet  and  combustion  takes  place  as 
they  emerge  from  flues  d  and  e.  The  burned  gases  divide 
as  they  leave  the  furnace  and  pass  out  through  the  flues 
d'  and  e'.  The  part  that  goes  out  through  d'  passes  through 
the  chamber/',  the  flue  //,  into  the  valve/'  at  o\  Fig.. 3,  and 
out  through  the  opening /to  the  chimney,  and  the  part  that 
goes  out  through  e'  takes  a  similar  course  through  the  valve/ 
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:hr  chimney.      It  will  be  seen  that  when  the  buttet  tly 
arc  tun  n   shown  by  the 

through   the   v 
the  furnace, 
gases  niter  the  valves  at  i>  and 

ton  of  the  air  through  the  fur: 
us  reversed. 

:i.     The  burning  gases  give  up  :   in  the 

|]  v.-iy  hot.  about 
MSS    into    tlx  rative    chain: 

part  oi   tliis 
mi     F.  \vlu-n  the  ;.• 
:  :  irk  gradually  be. 

gases  going  up  the  stark  also  become  hott< •; 

uj>  as  tnurh  heat  t«>  tl  the  cold 

.-•I  minute^,  it  is  n«>  longer  ecom»m- 

••>  let  th<  win  tin- same  direction  and  thebir 

•heSiem«-  -ersed.     The  e«»ld  -as  and 

><»°  p.  before  th-  1  the 

furn  '  ilurc  created    by  t  lie  r«>ni- 

IMJS:  ,   high.     While  the  cold  air  and  gas  are 

U-ing  he 

the  brirk  in  them,  so  that  in  about  '.'o  minutes  the  direc  lion 
>e  gases  should  be  rev  the  one  hamhrr 

will  ;  id  and  the  other  too  hot. 

part  of  the  heat  value  of  the  gas 

furl  cited  and  ready  to 

out  in  '..*;.  have  been  known 

in  which   it  l-«ok  only    1    hour   and    :><)  minut.-x.  and   with    a 
well  furnace,  the  -,ew,  the  check  (i 

good  melter.  the- 

t>o   reafton   why   t  .id  not  I"  ith-mt  dam.i 

the  furn 

bern   adopted  in    many  « >f  0111 

mall-  Its  fui:  iv.    ho\v- 

il  not  l><  d  until   melting  and 

.  for  the  furnace  must  be  kep  the  time  and  the 
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cost  of  heating  it  at  night  brings  no  direct  return.  It  can 
be  used  to  the  best  advantage  only  where  malleable  castings 
are  produced  on  a  large  scale  and  modern  appliances  arc 
used  in  handling  the  metal. 

In  one  malleable-iron  foundry  in  operation  at  the  present 
time  there  are  several  18-ton  furnaces  giving  good  results. 
The  metal  is  tapped  into  6-ton  ladles,  and  carried  off  with  a 
15-ton  electric  traveling  crane.  Three  furnaces  in  operation 
at  one  time  are  able  to  furnish  100  tons  of  malleable  cast- 
ings for  a  day's  run  of  three  heats  each. 

Three  forms,  or  adaptations,  of  the  open-hearth  furnace 
are  in  use.  The  simplest  form,  which  has  already  been 
described  and  illustrated,  is  usually  built  of  10-ton  or  12-ton 
capacity;  the  iron  is  tapped  from  this  furnace  into  hand 
ladles  in  the  usual  way.  Next  comes  a  larger  furnace  of 
15-ton  or  20-ton  capacity,  built  for  melting  steel  if  desired, 
which  has  three  spouts  for  tapping  into  ladles  handled  by  the 
traveling  crane;  this  is  probably  the  most  successful,  under 
suitable  conditions,  of  the  furnaces  in  use.  Finally  comes 
the  tilting  furnace,  which  has  been  used  in  steel  manufacture 
and  is  at  present  being  introduced  in  malleable-iron  works. 
It  is  predicted  by  some  engineers  that  it  will  prove  success- 
ful, but  up  to  the  time  of  writing  it  has  not  been  fully  tried. 
The  first  cost  of  this  furnace  is  about  twice  as  great,  and  the 
cost  of  maintenance  about  four  times  as  great  as  that  of  the 
ordinary  type  of  open-hearth  furnace. 

4.  The  design  of  the  air  and  gas  passages,  together  with 
the  ports,  must  be  such  that  the  crown  of  the  furnace  is  as 
much  protected  from  the  cutting  effect  of  the  intensely  hot 
flame  as  possible.  While  it  is  essential  that  the  brick  should 
be  almost  at  the  point  of  melting,  this  extreme  temper- 
ature should  not  extend  inwards  over  an  inch  at  most.  The 
best  practice,  therefore,  allows  the  body  of  the  furnace  to 
become  dangerously  hot  for  a  short  time  only;  the  heat  is 
checked  before  any  actual  damage  is  done.  The  brick  that 
stands  high  temperatures  best  is  made  of  silica,  and  in  all 
open-hearth  furnaces  built  for  malleable-iron  work  the 
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material  above  hearth  level,  in  fact  above  the  checker  bi 

As  this   1 

BUS!  lu-  i!  it  in 

in  -tiiral-in.il  sup- 

In  order  to  prevent    injury   •  furnace,  the   meller 

;-hly   dry    it    cut. 
;sc  wood  fires  or  a  small  jet  ->t  natural 

week's  time  the  be  increased 

Ime  the  Uas  turne.l  on,  first  very  gently  and 

then    more    and    more    until  full  heat  is  reached.       In   the 

-.time  the   in-  ly    the    structural 

i  liNisrn  n  tie  rods  here  and  there  as 

ncccssar  :  .-bri«-k  is  used,  it  is  necc- 

when  it  is  heated;  the 
;n  craekiiitf  and  the  brirkwork 

:  he  required  temperature  with  the  least  amount 
ige. 


5.     M.iLinv:  MIC  Bottom.—  The  hearth,  as  it  is  left  by 

the  furnace  build-  el  j»an  with  sloping  sides. 

carefully  d   f«»r   tlu-    >p»mt,   and 
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with  sill  .  as  shown  in  seetion  m  I'li^.  -I.     AVhen 

the   furn.  :  to  the  pr-.per   point,  the  operation  «>f 

making  '  The  melter  t  h: 

ilxed 

in   \  tO  1  Ol         .;.  all 

i  '    1  he   paitirl. 

I  i 

work 
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upon,  when  he  finishes  the  bottom,  using  the  fire-sand  with- 
out the  slag.  The  spoon  shown  in  Fig.  5,  the  end  #  of  which 
consists  of  a  shallow-dished  plate,  is  now  taken  and  the  con- 
vex side  used  to  smooth  off  the  sand  thrown  on  the  bottom 


FIG.  5. 


and  against  the  sides  while  being  burned  on.  When  there  are 
small  patches  to  be  put  on,  the  sand  is  introduced  with  this 
spoon.  Larger  quantities  are-put  on  with  a  shovel;  to  do 
this  properly,  however,  requires  considerable  skill  in  the  use 
of  the  shovel.  The  work  must  be  done  very  quickly,  as  the 
cold  air  that  enters  the  furnace  when  the  door  is  open  chills 
it.  In  order  to  do  this  work  in  the  shortest  possible  time, 
therefore,  the  helper  throws  the  sand  on  the  spoon  as  the 
melter  draws  it  back,  and  in  order  to  prevent  any  more  chill- 
ing than  is  necessary,  the  door  is  raised  only  far  enough  to 
do  the  work  properly.  When  it  is  necessary  simply  to  throw 
in  the  sand,  the  melter  does  it  himself,  the  helper  raising 
and  lowering  the  door  quickly  at  the  required  time. 


By  building  up  the  bottom  to  the  proper  level  a  few  inches 
at  a  time  the  formation  of  heat  cracks  is  avoided.  This  is  a 
very  important  matter.  The  old  coal  furnace,  or  air  furnace, 
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method,  in  which  the  bottom  was  made  all  at  once, was  adopt  <•<! 

.  but  with  v< 

•ig  frequently  it  to  crack  t<> 

worked  under  sc  tin- 

bottom,  thus  loosening  them  and  « Busing  them  to  ll«>at.     This 
1  the  molten   ii'>n  to  run  out,  fill  up  the  chee 
^1  spoil  the  furnace. 

bottom  of  the  open-hearth    furnace, 

with  the  '  being  shown  at  n,  as  it  should  appear  when 

provided  for  simultaneous 

tapp  '<>   slope  the  bottom   as  shown    in 

tin-  tap  holes  being  shown  at  a  ami  b. 

fog    .iixl     1/cp.iii  ini:    the    liottom.      When 
the  heat  has  been  tapped  and  the  slag  run  out.  it  is  neces- 
sary n   the  bottom   for  the    succeeding    heat.     The 
mclter  docs  this  as  best  he  can  after  the  first  or  second  i 
as  in  oprn-h.  .<  tice  the  breast  is  not  broken  out  until 
the  close  of  the  day's  work,  but  after  the  last  heat  for  the  day 
has  been  taken  and  the  breast  is  broken  out,  the  hole  is 
large  enough  for  the  melter  to  work  through   it    with  his 
scraping  bars.     He  pushes  the  slag  and  dirt  toward  the  tap 
h«.lc  by  introdu  h  the  chargii 

•nlly   through    these  openings  is  able  to 

•{••in   fairly  clean.      A  :he  bottom  is 

liab:  .tin  hollows  in  which  small  bodies  of  melted  iron 

i)  immediately  begin  to  oxidi/e  and  burn  up  and 

thu  •  in  the  bottom,  the  melter  must    throw 

the  iron  and  ^et  it  out  of 
the  ^  a  few  houn    in  the   eve- 

•  by  a  w  in. in.   who  1. 

all  t  v  be  in  operation,  leaving   them  in 

goodcowliti  -IK  in  the  early  n. 

t>c  taken  to  keep  the  bottom  in  good  condition 
in  front  of  t!  Small  |  tide  |>t<" 

with  the 
gmSCS  as  thr-.  ted   at    white 

'he  edge  of  the  bottom   immediately  below  the 
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ports.  Iron  oxide  at  this  high  temperature  combines  very 
readily  with  silica,  forming  an  easily  fusible  silicate  of  iron, 
which  usually  runs  down  on  the  slag  on  top  of  the  heat,  but 
may,  if  not  watched  carefully,  cut  down  between  the  ports 
and  the  bottom  and  open  a  way  for  iron  to  escape  and  injure 
the  furnace. 

"Run-outs"  of  iron  usually  occur  along  the  slag  line,  on 
account  of  the  fact  that  the  greatest  corrosive  action  takes 
place  here.  Moreover,  the  covering  of  slag,  probably  left 
there  by  a  careless  melter,  may  conceal  a  lump  of  burned 
iron,  which  by  oxidizing  and  uniting  with  the  sand  sur- 
rounding it  gradually  eats  into,  and  finally  cuts  through, 
the  lining.  The  first  intimation  of  the  existence  of  this 
condition  is  a  red-hot  spot  somewhere  along  the  ironwork  of 
the  pan  or  the  brickwork  encasing  it.  No  time  must  be 
lost  in  checking  the  trouble,  otherwise  the  molten  iron  is 
liable  to  cut  through  and  run  out,  resulting  in  the  loss  of 
the  charge  and  often  very  serious  injury  to  the  furnace. 


REPAIRING   THE  FURNACE. 

7.  Repairing  the  Ports  and  Surrounding  Brick- 
work. —  The  parts  of  the  open-hearth  furnace  first  to 
require  repair  are  usually  the  brick- 
work surrounding  the  air  and  gas 
ports.  These  parts  are  subjected 
to  the  highest  temperature  of  the 
flame  during  combustion,  as  well  as 
the  corrosive  action  of  the  burned 
gases  as  they  strike. the  ports  upon 
leaving  the  furnace.  In  a  few 
months'  time,  therefore,  it  must  be  expected  that  light 
repairs  must  be  made.  In  designing  a  furnace,  allowance 
should  always  be  made  for  considerable  burning  back  of  the 
ports  before  the  crown  is  endangered.  Fig.  7  shows  the 
construction  of  this  portion  of  the  furnace,  the  dotted  lines 
showing  the  wear  after  a  few  hundred  heats  have  been 
taken. 


FIG.  7. 
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8.    The     buttcrfi>     >.ii\c       u.uld    also    be    carefully 
liable  to  the  high  temperature  to 

irh  as  tin-  open-hearth  pr< 
U  essentially  a  tfas  proves  CCSSary  that  the  flues  and 

••a  through  whirh  the  kr-is  -ind  air  pass  be  as  nearly 
titfhl  as  the  inatrrial  of  whirh  th«  \  -t  meted  will 

mil.     Ifthegasv..  apinijwill 

vfth  the  waste  product 

•x  and  pass  up  the  chimney.     The  temperature  exist  i: 
the  flues  n  of   th:  i<l  the  valve 

and  flues  soon  get  red  hot;  finally  the  stark  sb 
undue  heat  and  the  melter  ii.  ''-s.      By  this  time  the 

re   may   be  cracked   and    ruined.     By   a   careful    daily 
insertion  this  trouble  is  dete  the  beginning,  and  a 

little  jml-  Dipping  soon  ;  it  for  the  time  1 

\vs  the  \  the 

gas  and  air  valves  should  be  inspected  periodic  ally,  and  if 
necessary.  TV.  leakage  of  either  hot  air 

or  gas  into  i:  in  efficiency.     A  number 

e  bi-rn  introdiK  cd  that  aim  to  prevent  the  ! 
age  by  usin^  a  water  seal.     ^  -c  are  very  good, 

but  thry  havt-  tin-  disadvantage  of   bcini^  rather  e\ 


Oh«Ck9l  NN  ..i  K  .  '  ill  atten- 

It  should  neither  be  too  open  nor  too  closely  laid.      It 

the  i  imjH-dcs  th«  tin- 

rush   throuvrh  without    taking  up  or  .^ivin:- 
1'he  space  to  be  left  is  detennim-d    by   the    d: 
With  a  s;  pace*  bet  ween  the  checker 

nld  l»e  1»  .  but  with  an  old  cho! 

up  fr  -hould  b- 

•he  furn  i  is  burned  to  iron  o\ 

whi«  :.,wn  tin  th<-  rh. 

H 

with   th-  ..dvisablr 

asion.dlv  "j.«-n  t!  •        '\'}}]^  , 

'id  should  br  undrrta'  :  rouble 

^**  X  irytorem 
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only  one  or  two  layers  of  the  brick  that  form  the  checker- 
work,  as  the  oxide  deposit  usually  coats  these  over,  thus 
preventing  the  free  flow  of  air  through  them,  while  the 
brick  forming  the  lower  portion  of  the  checkerwork  may  be 
in  as  good  condition  as  when  it  was  put  in. 

Checkerwork  for  malleable  purposes  should  preferably  be 
made  of  firebrick  of  the  first  grade.  Owing  to  the  violent 
fluctuations  in  temperature  to  which  they  are  subjected,  a 
silica  brick  is  less  able  to  resist  disintegration.  Further- 
more, the  impinging  of  burned  iron  in  the  form  of  dust  on  a 
hot  silica  brick  causes  a  glaze  to  be  formed  that  partially 
destroys  the  heat-absorbing  power  possessed  by  a  rough 
brick.  In  making  repairs  on  a  furnace  it  is  important  to 
lay  the  brick  in  such  a  way  that  when  dipped  into  a  thin 
mixture  of  clay  and  water,  commonly  called  a  clay  puddle 
or  grouting,  placed  in  position,  and  pressed  down,  no  surplus 
grouting  runs  down  the  courses  below;  if  this  is  permitted, 
the  natural  roughness  of  the  wall  is  destroyed  and  heat  is 
not  retained  as  well. 

10.  Repairing    the    Crown.  —  Patching    the  crown 
and  work  of  like  character  can  be  done  by  lowering  the  tem- 
perature of  the  furnace  just  enough  to  allow  the  iron  tools 
to  hold  their  form  while  the  work  in  hand  is  being  done. 

11.  The  Chimney. — The  whole  action  of  the  furnace 
depends  on   the  draft.     This    is   generally   furnished    in    a 
15-ton  open-hearth  furnace  by  a  steel  chimney  80  feet  high, 
4  feet  in  diameter,  lined  with  brick  4  inches  thick,  and  pro- 
vided with  a  plate  damper  at  the  base  so  that  the  draft  can 
be  easily  regulated.     A  hole  is  placed  in  the  side,  through 
which  lighted  waste  may  be  introduced  in  order  to  start  the 
draft  after  the  furnace  has  been  shut  down  for  some  time. 
The  current  of  air  in  such  a  chimney,  when  in  full  operation, 
should  be  sufficient  to  hold  the  water  gauge  at  a  pressure  of 
.8  inch. 

12.  Charging   the   open-hearth  furnace  differs  some- 
what from  coal-furnace,  or  air-furnace,  practice.     In  the  first 
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e  furnacr  >ably  been  kept  hot  all  night  w 

light  linn-  for  charging  the 

high  a  point  as  possible  with- 
out   injury  to  the  furnace;  the  doors  are  raised  and  lowered 
kly,  as  the  charge  goes  in  a  little  at  a  time.      In  coal- 
furnace  |  the   furnace  or   nearly  s<».  and  the 
whole-  t«»p  is  removed  to  do  the  charging.      The  botton 

th  furnace  must  be  in  good  condition. 

Th-  ""g  usually  requires  a  gang  of  six  men,  two  to 

pull  up  t  \\hit  h  is  counterbalanced  at  one 

:  the  other  two  at  the  other  side.     The 

'.  in  the  sprues  and  malleable  scrap. 

sprues  U-ing  put  in  first.      When    the   sprues   and   malleable 

iy  necessary  to  wait  a  few  mii; 
•^e   of  scrap    to    melt    partially  in   ..nler    t.. 
:u  for  the  pig  iron.      I)uring  this  j>eriod  of  waiting 
the  furnace  a  ,-rs  a  little  of  the  temperature  losj 

the  •  .ining  in  tlirough  the  doors.    A  bar  or  roll- 
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nil      I.  then  la^  the  pig  mm, 

sh«»\vn  i  .md  tin- 

hrl!'  moves   the 

1  deposits  th<  he  desired  place. 
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Sometimes  the  sprues  and  small  scrap  is  charged  into  the 
furnace  by  means  of  a  charging  box,  which  usually  consists 
of  a  bar  or  handle  similar  to  the  charging  peel,  Fig.  9,  but 


FIG.  9. 

somewhat  lighter.  A  bowl  made  of  malleable  cast  iron  1C  or 
IS  inches  in  diameter  is  riveted  to  the  peel  near  the  front 
end,  the  latter  being  allowed  to  project  far  enough  to  rest 
upon  the  charging  bar  or  roll  in  front  of  the  furnace  door. 
The  sprues  and  small  scrap,  which  are  usually  brought  to  the 
charging  platform  in  small  foundry,  or  tote,  boxes,  are  poured 
from  these  into  the  bowl  and  charged  into  the  furnace  in  the 
same  manner  as  the  pig  iron.  This  method  is  much  easier 
on  the  men  than  shoveling  the  material  into  the  furnace, 
as  the  heat,  when  the  charging  doors  are  raised,  is  so  intense 
that  it  is  extremely  hard  for  them  to  throw  the  material 
in  with  short-handled  shovels. 

When  enough  has  been  charged  on  the  part  of  the  bottom 
commanded  by  one  charging  door,  the  second  and  then  the 
third  doors  are  used,  thus  making  the  best  distribution  pos- 
sible for  the  purpose  of  melting  the  iron  in  the  shortest 
time.  It  takes  about  1  hour  to  charge  a  12-ton  heat,  and  as 
there  are  three  reversals  of  the  gas  and  air  during  this  time, 
an  alteration  of  the  flame  from  one  side  to  the  other  may  be 
obtained  when  a  fresh  pile  of  pig  iron  has  been  piled  up  in 
front  of  the  ports,  thus  causing  it  to  be  heated  very  rapidly. 

13.  Charging  machines  of  the  form  used  in  steel  plants 
have  been  suggested  for  malleable-iron  foundries,  but  their 
first  cost  and  the  room  required  to  operate  them  are  so 
great  that  it  is  generally  admitted  that  they  are  economical 
only  when  the  furnaces  are  large,  of  at  least  20  tons  capacity, 
and  there  are  about  eight  of  them  in  line.  The  require- 
ments of  steel  manufacture,  so  far  as  charging  is  concerned, 
differ  from  those  of  malleable-iron  foundries.  In  steel  man- 
ufacture, it  is  desirable  to  place  the  charge  into  the  furnace 
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M  quickly  as  possible  ami  to  subject  it  to  the  cutting  tl 
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I   |.      \  i  i  .11,-tnicin    o,    T;i|>i>inir  Spouts.  —  In    coal- 

furn  bafl  been  customary  to  lap 

the  nu-tal  fr  a  sr  the  bottom  of  tin- 

spout  must  not  be  higher  than  the  lowest  part  of  the  bath. 
and  the  metal   lyin^  at  the    bottom   is  therefore  draw: 

bath  always  has  the  highest  tem- 

i  direct  contact  with  the  hot  gases,  the 

"H"   first,  and    by  the  time  the   top 

i  to  have  been  subjected  to  the 

>n  of  the  burning  g;t  ong   as  to  be  spoiled,  and 

inu.h   of   it   may   occasi..nally  hav     to  be  thrown   away.      In 
id    this  .  :  he  furn.  «  ften   e(j  nipped 

with    i  u  :     both  ne    beinj; 

higher  than  the    .the:.  permit  the   upper  half  lo  be 

draw  t  through  tl:  ^pont,  then  the  lower  half 

through  the  .  e  is  thus  rein 

the   hot    gases    too   long, 

whll-  •  h    [fl  heated   to  the 

i-  dia\\  i 
In  i  th  furn  i/e,  either  OD< 

may  b<-  used,  dcpend- 
Ahde   the   largest   fun 

with    three    ipoul  -  <1  that    ihey 
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bottom,  and  the  castings  poured  from  the  iron  first  drawn 
may  be  bad.  Unfortunately,  this  fact  is  usually  not  detected 
until  the  castings  have  been  annealed,  and  all  the  work  done 
on  them,  in  addition  to  the  first  cost  of  the  casting,  is  lost. 
When  the  furnace  is  provided  with  two  or  three  spouts  this 
danger  is  almost  entirely  avoided. 

15.     The  form  of  the  bottom  of   the  furnace  and   the 
arrangement  of  the  spouts,  when  three  are  used,  are  shown 


FIG.  10. 

in  Fig.  10,  a  being  the  highest  spout,  b  the  intermediate, 
and  c  the  lowest,  which  should  always  be  at  the  middle  of 
the  bottom. 

While  this  arrangement  of  the  spouts  is  used  successfully 
with  ordinary  hand  ladles,  it  can  be  used  more  advanta- 
geously in  connection  with  a  large  ladle  and  a  traveling 
crane.  When  the  heat  is  ready  and  a  crane  is  available,  the 
upper  spout  is  tapped  into  a  6-ton  ladle  suspended  before  it. 
A  stream  about  3  inches  in  diameter  will  fill  the  ladle  with 
all  the  iron  above  the  level  of  the  upper  tap  hole  in  about 
3  minutes.  When  the  slag  appears  at  this  hole  a  clay  plug 
is  worked  in,  effectually  stopping  the  flow  of  iron. 

The  ladle  full  of  iron  is  carried  to  the  part  of  the  foundry 
where  the  iron  is  to  be  used,  poured  into  hand  ladles,  from 
which  it  is  poured  into  the  molds  by  the  molders.  When 
nearly  empty  the  large  ladle  is  taken  back;  the  small  quan- 
tity of  iron  not  used  is  probably  quite  cold,  but  is  heated  up 
again  by  the  new  charge  tapped  into  the  ladle.  The  second 
spout  is  now  tapped  and  the  operation  of  distributing  and 
pouring  repeated.  This  time  all  the  iron  is  used  for  casting 
purposes.  When  the  ladle  is  returned  for  the  final  tap,  the 
clay  closing  the  breast  is  carefully  dug  away  from  the  out- 
side and  the  breast  pushed  out  from  within.  In  about  \  min- 
ute the  remainder  of  the  heat  is  in  the  ladle,  which  overflows 
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the  furnaee   is  i  poll  upon 


§  52  MALLEABLE    CASTING.  17 

the  rollers  g,  g  in  the  direction  indicated  by  the  arrow  k 
until  the  spout  d  is  lowered  sufficiently  to  permit  as  much 
melted  iron  to  run  out  as  may  be  desired. 

The  ports  of  this  type  of  furnace  are  very  difficult  to  keep 
in  repair,  and  an  extra  set  already  built  up  and  enclosed  by 
structural  steel  is  usually  kept  on  hand,  so  that  those  in  use 
can  readily  be  renewed  if  they  should  give  way. 

While  these  furnaces  are  to  be  recommended  to  new  con- 
cerns with  a  large  amount  of  money  to  invest,  it  is  generally 
thought  advisable  for  works  already  equipped  with  othei 
types  not  to  change  to  this  form  until  its  practical  advan- 
tages  have  been  more  fully  demonstrated. 

1  7.     Fuel  for    Open-Hearth    Furnaces. — The  fuel 

used  in  open-hearth  furnaces  may  be  natural  gas,  oil,  or 
producer  gas  made  from  coal.  The  latter  may  be  used 
directly  in  the  furnace  by  allowing  it  to  run  through  suit- 
able pipes  in  the  side  walls  or  the  interior  brickwork  of  the 
furnace,  or  it  may  be  sprayed  into  the  furnace  with  steam 
or  with  compressed  air.  Where  air  is  used,  it  ir?v  be  taken 
either  from  a  fan,  positive  blower,  or  an  air  compressor. 
The  construction  of  the  open-hearth  furnace  depends  con- 
siderably on  what  kind  of  fuel  is  used. 

18.  Natural  gas,  which  is  extensively  used  in  mallea- 
ble works  for  melting  and  annealing,  is  an  exceedingly  rich 
fuel  gas.  It  has  about  five  times  the  heating  value  of  ordi- 
nary coal  gas  and  is  equal  to  oil  in  fuel  value.  Experience 
has  shown  that  in  burning  it  for  melting  iron  in  the  open- 
hearth  furnace,  the  gas  regenerative  chambers  can  be  dis- 
pensed with,  in  which  case  large  regenerative  chambers  for 
air  are  used ;  the  natural  gas  enters  the  air  ports  on  the  ends 
of  the  furnace,  as  shown  at  a  and  £,  Fig.  12.  These  pipes 
are  usually  built  in  and  protected  with  a  firebrick  covering 
in  order  to  prevent  undue  waste  of  the  iron  of  which  they 
are  composed.  In  this  style  of  furnace  only  one  Siemens 
valve  is  required,  and  the  equipment  may  therefore  be 
greatly  simplified. 

53B— 13 
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mills  in  order  to  supply  the  better-paying  private  cust-.n 

regular  irth   furnace   with   both   sets  of  chain- 

ben  should  therefore  be  installed   and    the  air  allowed    to 
go  through    both  valves,  while   the   gas  is   brought  ii 
shown   in 

Malleable  cast  iron  has  been  made  very  successful! 
passing   the  natural   gas   through   regenerative   chain 

.  however,  produces  a-  ively   hot    llamc.  and    the 

intense   i  ^e.s  the  metal  to  be  oxidized  t«»>  much 

melts  down.  When  natural  ^«»*  is  used  regenerativdy  a 
htilr  strain  should  be  admitted  into  the  furnace  over  the 
gas  valve,  as  this  will  effectually  prevent  the  deposition  of 
carbon  at  the  entrance  to  the  pipes  and  prevent  their 
up. 

I  J».     nil  is  now  generally  burned  by  spraying  it  into  the 

furnarr.      The  general  arrangement  of  a  l.tnti-  r  suitable  for 

purpose  is  shown  in   Fig.   i:t.      of  d  in  through 

•   a  pressure  ot  MM- 

sprayed  through  a  small  hole,  lest  than  ,'c  inch 
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in  diameter.  The  air  enters  through  the  pipe  b  and  carries 
the  fine  spray  of  oil  into  the  furnace,  where  it  is  ignited  and 
burned.  If  the  temperature  of  the  air  is  approximately 
that  of.  the  furnace,  the  oil  will  readily  be  gasified.  When 
compressed  air  or  steam  is  used,  the  air  pipe  surrounding 
the  oil  nozzle  is  made  much  smaller  than  when  the  air  is 


FIG.  13. 

supplied  by  a  blower.  Opinions  differ  considerably  regard- 
ing the  most  satisfactory  air  pressure  to  be  used,  some 
advocating  a  pressure  of  1  pound  produced  by  a  positive 
blower,  while  others  claim  that  the  best  results  are  obtained 
by  using  a  pressure  of  about  40  pounds.  The  oil  is  some- 
times introduced  into  the  sides  of  the  furnace,  as  illustrated 
in  Fig.  14,  the  burners  a,  b,  c,  and  d  sloping  downwards 


FIG.  14. 

toward  the  hearth.  In  other  cases  the  oil  burners  are 
located  in  the  same  position  as  the  gas  burners  shown  in 
Fig.  12.  In  this  style  of  furnace  it  would  also  be  possible 
to  dispense  with  the  second  set  of  checker  chambers,  as  in 
the  case  of  the  natural-gas  furnace.  If  steam  is  available, 
there  is  an  advantage  in  letting  a  little  issue  from  the 
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Carbonic  acid  is  worthless  as  a  fuel,  and  its  presence 
above  the  4.5  per  cent,  is  a  sign  of  carelessness  somewhere. 
The  presence  of  about  that  amount  is,  however,  practically 
unavoidable. 

Carbonic  oxide  is  the  constituent  by  means  of  which 
the  greater  part  of  the  heat  is  produced.  When  burned 
with  air  it  is  converted  into  carbonic  acid. 

Hydrogen  is  a  powerful  heating  agent.  It  produces  a 
much  more  intense  heat  than  carbonic  oxide,  but  it  is  not 
very  desirable  for  melting  purposes.  In  burning,  water  is 
formed  just  at  the  ports  of  the  furnace.  Water  when  sub- 
jected to  a  very  high  temperature  dissociates  again  into 
hydrogen  and  oxygen,  the  gases  of  which  it  is  composed, 
abstracting  the  heat  it  gave  out  in  burning.  This  process 
of  associating  and  dissociating  of  hydrogen  and  oxygen 
may  take  place  a  number  of  times  in  the  furnace  until  the 
last  burning  occurs  at  a  point  where  the  temperature  is  not 
high  enough  to  produce  dissociation.  As  this  occurs  in 
the  checkerwork  and  not  in  the  melting  chamber,  the  effect 
is  almost  entirely  lost.  The  direct  value  for  melting  of  a 
gas  rich  in  hydrogen  is  therefore  much  less  than  the  total 
heat  value  would  indicate.  It  is  advisable,  therefore,  to 
keep  the  hydrogen  as  low  as  possible  with  a  high  percentage 
of  carbonic  oxide. 

Oxygen  is  a  very  undesirable  element  in  a  gas,  as  it 
causes  combustion  in  the  flues,  or  even  in  the  producer,  thus 
burning  a  part  of  the  gas  before  it  reaches  the  furnace,  and 
reducing  its  value  as  a  fuel. 

Nitrogen,  of  which  the  remainder  of  the  gas  is  composed, 
does  not  burn  and  is  valueless  as  a  fuel.  Unfortunately,  its 
percentage  cannot  be  reduced  below  50  per  cent.,  and  more 
frequently  it  is  60  per  cent. 

22.     The    Gas    Producer    and    Its    Connections. 

Fig.  15  shows  the  cross-section  of  a  producer  in  its  simplest 
form.  It  consists  of  a  shell  of  steel  a,  about  7  feet  in  diam- 
eter and  10  feet  high,  lined  with  9-inch  firebrick;  a  cover  bt 
provided  with  the  bell-and-hopper  charging  device  c ;  a  gas 
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The  amount  of  coal  used  will  depend  on  the  amount  of 
gas  required,  and  may  vary  from  300  to  600  pounds  per  hour 
for  a  producer  7  feet  in  diameter  and  10  feet  high.  A 
producer  10  feet  in  diameter  and  10  feet  high  will  gasify 
from  1,000  to  1,200  pounds  of  coal  per  hour. 

23.  When  a  chemical  laboratory  is  available  the  gas 
should  be  analyzed  at  least  twice  in  24  hours.  Excessive 
amounts  of  the  two  injurious  ingredients,  oxygen  and  car- 
bonic acid,  are  readily  detected  by  a  chemical  analysis.  As 
the  air  and  steam  strike  the  incandescent  fuel  on  the  grate 
two  distinct  reactions  take  place.  There  is  first  a  formation 
of  carbonic  acid  through  the  burning  of  the  coal.  This  car- 
bonic acid  in  passing  upwards  through  the  red-hot  coal  takes 
up  extra  carbon  and  becomes  carbonic  oxide,  which  is  the 
valuable  fuel  constituent  of  the  gas.  If  by  analysis  it  should 
be  found  that  there  is  an  undue  amount  of  carbonic  acid  in 
the  gas,  it  is  a  sign  of  a  thin  or  a  cold  fire,  usually  the  former, 
the  gasworker  having  permitted  the  bed  of  coal  to  burn 
down  too  far  before  replenishing  it. 

On  the  other  hand,  unless  the  fire  is  continually  poked  up, 
the  clinkers  broken  and  air  channels  through  the  coal 
destroyed,  cold  air  is  liable  to  come  through  the  fuel  and 
burn  the  gas  before  it  leaves  the  producer.  The  quantity  of 
oxygen  in  the  gas  will  indicate  whether  or  not  this  condition 
exists. 

While  the  air  drawn  in  causes  the  reactions  described 
above,  the  steam  is  equally  active.  The  air  serves  to  keep 
the  fuel  in  a  state  of  incandescence,  and  the  steam  is  con- 
tinually decomposed  into  hydrogen  and  oxygen.  The 
oxygen  immediately  combines  with  carbon  and  forms  car- 
bonic acid  and  carbonic  oxide  in  turn.  The  hydrogen 
remains  free  and  ascends  through  the  coal  fire  into  the  gas 
flue  uncombined.  Usually  the  percentage  of  hydrogen 
varies  from  10  to  13  per  cent.  The  less  hydrogen  the  better, 
provided  the  percentage  of  carbonic  oxide  is  above  24  per 
cent.  The  gas  burns  with  a  rich  yellow  flame,  is  smoky,  and 
has  a  tarry  odor. 
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In  a  well-conducted  gas  plant  the  various  chemical  com- 
binations are  so  complete  that  the  comes  out  of  the 
:.inks    is                                   and  without  a  trace  of  coke 
rs.     It  ;                therefore,  to    inspect    the  ashes  when 
arc  rcm<>vrd,  in  order  to  sec  if  the  fullest    measure  of 
|    has  been  ob                 About    50,000  cubic   feet  of 
gas  is  made  by  this  process  from  1  ton  of  coal. 

;  roducer  it  enters  a  breech 

shown  ii  .  whirh  is  connected  with  large  overhead 

gas  flues  that  may  be  6  f< 
diameter,  through  whieli  it  is  con- 
veyed to  the  furnaces.  The  breech- 
ing is  connected  to  the  producer  at 
d  to  the  gas  flue  at  b.  A 
manhole  is  provided  at  c  to  clean 
out  the  aslies  that  may  accumulate 
in  the  breeching.  A  safety 
damper  ti,  which  is  blown  open  in 
case  of  an  explosion,  and  a  damper  r, 
which  may  be  closed  when  it  is 
desired  to  cut  one  producer  out  of  a 
series,  are  provided. 

All  the  ironwork  of  the  breech- 
ings  and  flues  is  lined  with  -1-inch 
firebriek  of  No.  2,  or  even  less, 

refr.i  her  away  from  the  producer, 

the  <  :ie  (juali:  k  may  be,  as  the  t en, : 

is  gradually  lowered  as  the  gas  is  conveyed  away  fr-r. 

t   must  be  exercised  in  selecting  suitable 

rent  purposes  for  which  brick  is    U 
.'le    of   the   finest  and   most    r< 
'.«>'.      Th<  ted    with   the  tfn 

1    the   unbiirncd    t  <•   by 

is  to  entering  the  kiln.      This  brick 
i  es  above  2,400°  F.     No.  2  bn 
t  so  carefully  selec 
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not  subjected  to  pressure  before  burning,  and  is  therefore 
not  suitable  for  temperature  much  above  2,000°  F.  Flue 
brick  is  made  of  inferior  clays,  and  may  run  from  white  to 
light  red  in  color.  The  best  grades  will  withstand  tem- 
peratures up  to  1,600°  F.,  while  the  poorest  grades  will 
withstand  only  about  1,000°  F. 

25.     All   along   the  main  flues,  large   safety  manholes, 
consisting  of  cast-iron  saddles  and  covers,  made  gas-tight 


PIG.  17. 

with  a  sand  seal,  are  placed  at  intervals  of  about  100  feet. 
The  end  of  the  gas  flue  is  connected  with  a  stack  and  cut  off 
from  it  with  a  damper,  in  order  that  the  flues  may  be 
burned  out  about  twice  a  week,  so  that  the  large  amount  of 
soot  formed  and  deposited  on  the  bottom,  thus  retarding  the 
passage  of  the  gas,  may  be  removed.  The  connection  with 
the  chimney  is  illustrated  in  Fig.  17,  the  chimney  being 
shown  at  a,  the  breeching  connecting  the  flue  with  the 
chimney  at  b,  a  safety  damper  at  r,  a  damper  at  d,  the  gas 
flue  at  e,  and  the  safety  manholes,  showing  the  sand  seal, 
at/".  In  burning  out  the  flue,  the  damper  d,  Fig.  17,  and  the 
safety  damper  d,  Fig.  16,  are  opened,  and  immediately  the 
flame  runs  along  the  flue  and  into  the  chimney.  In  about 
20  minutes  all  the  soot  will  be  burned  out;  the  dampers  are 
then  replaced  and  gas  made  as  usual.  The  dampers  are 
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made  to  fit  loosely  in  their  guides,  but   the  accumulate 

;«on  them  soon  make*  tin-  joints  ga-tight. 
The  connection    with    \'<  :.<-.irth    furnace    is    P. 

:v  damper  should 
be  provided  t«»  prevent  damage  t"  tin-  Hues  \\  lu-n  an  rxpl< 

irs,  as  wr  :  thr  fur- 

nace wh<  n  with  thr  furnat-t- sluuild 

Mould    l>r 

I  the  Kras   has  i»nl\  n   ounce  \ 

sure   and  a    lar^*'   v«»luine   is  required  in    order   to  do   thr 

in  the  furnace.     The  gas  thus  should  be 

placed  ovrrhrad  whenever  p«»ssil)le  and  a  few  bends  should 

:iserted  to  take  up  thr  ind  «  Miuraction  due  to 

the  great  .iture  to  which  it  is  subjected. 

•re  expensive  to  build  (tee!  shell  lined 

with   firebrick    than   to   build    an    underground    flue   of   llu< 

bri<  K  <-k  only,  but  the  underground    Hue  will    not 

stand  the  st-  t    temperature,  so 

nore  economical. 

•is,  while  presenting  a  different  set  of  pn>l>l 
than  equally   as   serviceable,  makes   good 

mall-  ixl   when   handled  rightly   is  more   reliable. 

In  Well-equipped   plants  ti  .ind   thr  ashes  are   handled 

dumping  a|)pliances.  which  !• 
only  the  work  of  the  gas  maker  to  be  done  by  hand. 


i*mi>  \U\IION    or     MOLDS    rou    M\rri:\iiri: 

kSTIHG8. 

nn»hK     I i.i  llc.M.K -ii  on      c;istin::^ 

•  manner  as  %  Iron, 

In  the  n  ic   ditler- 

•  y  important. 

thr  failure  of  th-  .    :   H     much 

to  the  exces- 

id   thr   high    tern  i    to   run 

thin 

thett    jM.rtio: 
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the  mold  are  filled.     The  gate  must  also  be  carefully  located 
at  the  most  suitable  place  on  the  casting. 

In  gating  small  patterns,  it  is  often  necessary  to  provide  a 
riser,  commonly  called  a  shrinker  in  malleable-foundry 
practice.  The  sudden  cooling  and  shrinkage  will  cause 
spongy  places  unless  some  means  is  provided  for  feeding  the 
metal  to  these  parts.  The  shrinker  may  be  of  the  same 
form  as  the  pouring  sprue  and  placed  either  on  the  gate,  or 
it  may  be  so  located  that  it  will  feed  the  metal  from  a  point 
outside  of  the  casting.  When  the  casting  is  too  small  to 
permit  the  use  of  these  forms  an  enlargement  may  be  made 
on  the  gate  itself  to  provide  a  reservoir  for  feeding  the  parts 
where  the  shrinkage  is  liable  to  occur.  These  shrinkers  are 
used  in  addition  to  the  chills  already  mentioned.  The 
shrinkage  that  is  liable  to  occur  in  the  center  of  a  very 
heavy  section  is  usually  prevented  by  placing  a  large  riser 
on  the  casting  itself  and  breaking  it  off  after  the  metal  has 
set,  but  while  it  is  still  hot. 


TAPPING    AND    POURING    THE    IRON. 

27.  Tapping  the  Iron. — In  tapping  out  a  heat  the 
molders  must  form  in  lines  and  catch  the  metal  in  turn.  It 
is  essential  that  each  man  catch  the  iron  promptly  and  that 
the  line  be  unbroken.  This  will  enable  the  melter  to  give 
the  men  a  larger  stream  of  metal,  the  heat  is  taken  off  more 
quickly,  and  the  molders  return  to  the  floor  or  bench  earlier 
than  if  the  work  were  done  in  an  irregular  and  unsystem- 
atic manner.  To  do  this  properly,  it  is  necessary  to  have 
adequate  space  in  front  of  the  furnace,  long  bod  sticks  so 
that  the  men  are  not  interfered  with  unnecessarily,  a  good 
foreman,  molders  who  understand  their  work  thoroughly, 
and  every  step  of  the  process  systematized  as  far  as  possi- 
ble. When  such  a  plan  is  in  perfect  operation  the  cost  of 
the  castings  is  reduced  correspondingly. 

It  is  very  important  that  the  heat  be  removed  from  the 
furnace  as  quickly  as  possible.  If  the  pouring  is  prolonged 
unduly,  the  metal,  which  at  the  beginning  of  pouring  was 
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i ml  tluii!.  ••  cool  and  sticky  from  the  oxidizing 

••s>  th.it  goes  on  in  the  furnace,   and -which  bec< 
more  rapid  as  the  bath  becomes  thinner.     For  this  rea- 
..it  the  last  portion  of  a  heat,  which  at 

the  iK-ginning  was  in  the  right  condition,  must  be  thrown 
away  or  cast  into  pots. 

JN.      Pouring    i  lie    1 1. 01.— In    pouring  the  iron,   i 

necessary  to  close  to  the  pou: 

gate  of  thr  mold,  ami  to  pour  the  iron  until  the  gate  or  the 

i»asin.  if  one  is  provided,  is  just  filled.     By  a  very 

slight  tilt  of  tin-  ladle  as  much  of  the  contents  of  the  la. 11. 

as  may  be  needed  is  shot  into  the  mold.     The  casting- 

this  class  of  work  are  exceedingly  hard  to  run  full,  as  the 

iron,  in  running  through  the  damp  sand  of  which  the  mold 

able  to  become  chilled,  and  sometimes  set, 

•Mplrtely  filled.     The  iron  for  malleable 

must  be  very  hot.  and  in  order  that  it  may  fill  the 

mol«:  .  before  it  is  chilled,  it  must  be  poured  as  quickly 

as  possible.     It  is  claimed  by  some  foundry  men  that    this 

can  be  accomplished  better  with  the  shallow  form  of  ladle, 

shown  in  Pig.  18,  as  tilting  the  handle  slightly  will  suddenly 


throw  a  larger  body  of  metal  into  the  mold       It   is  claimed 

f,  that  I  cools  more  rapidly  in  the 

his  cooling  offsets  the  advantages 

t*  poun  :<l!v   with  the 

n  foundries  as  the  gate  of 

"'"I'l  W1  ne  even  prefer  to 

top  than  the  bottom,  to  prevent 

thing  or  (lulling. 
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Holders  not  aware  of  the  tendency  of  the  iron  to  chill 
in  the  mold  may  pour  a  number  of  castings  and  not  notice 
their  defects  until  they  are  shaken  out  of  the  sand.  When 
there  is  any  doubt  as  to  the  temperature  of  the  iron,  it  is 
advisable  to  try  it  on  a  fairly  thin  casting  and  observe 
whether  or  not  it  runs  out  of  the  vent  holes;  if  it  does,  it  is 
usually  considered  safe  to  use  it. 

In  practically  all  malleable  works  a  limited  number  of 
gray-iron  castings  are  made  for  their  own  use,  especially 
when  a  cupola  is  used  to  make  pots.  It  thus  sometimes  hap- 
pens that  gray  iron  is  poured  into  malleable  molds,  and 
vice  versa;  the  gang  foreman  must  be  especially  careful  to 
prevent  this  mistake,  as  a  gray  casting  is  ruined  in  the 
annealing  oven  and  a  white  one  cannot  safely  be  used  where 
one  of  gray  iron  is  required. 


CLEANING    AND    ASSORTING    HARD    CASTINGS. 

29.  Hard  Tumbling. —  In  malleable-iron  work  the 
term  hard  castings  is  used  to  denote  castings  that  have 
not  been  annealed,  while  soft  castings  are  those  that  are 
annealed. 

When  the  iron  has  been  poured  and  the  castings  allowed 
to  cool  at  least  until  they  have  turned  black,  or  until  they 
are  perfectly  cold,  the  mold  is  shaken  out  and  the  gates 
knocked  off.  The  castings  and  gates  are  placed  on  separate 
piles  along  the  gangways  or  they  may  be  taken  directly  to  the 
cleaning  rooms  and  cleaned.  The  cleaning  of  ordinary  cast- 
ings is  generally  done  by  tumbling  them  in  tumbling  barrels 
that  resemble  those  used  in  gray-iron  foundries.  The  rooms 
in  which  the  hard  castings  are  cleaned  are  called  the  hard- 
tumbling  rooms  and  the  tumblers  are  called  hard 
tumblers. 

The  tumbling  creates  a  large  amount  of  dust,  for  which 
reason  it  is  generally  done  by  a  night  shift,  except  where  an 
exhaust  system  is  used.  With  the  large  number  of  barrels 
required  in  a  large  foundry,  the  dust  frequently  becomes  so 
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thick  that  it  obs-  lights  while  the  ; 

is  at  the  '  y  to 

••ie  sand   from  the   CftSl  fore   annealing  them. 

as  they  would  not  otherwise  b-  Theca  iere- 

the  foundry  t«.  tin-  tum- 

bling ban-i-      W  sareusedint  •  of  large  • 

t  hese  arc  removed  be  go  to  the 

ngsarenot  placed  in  l)arn!s  with  large 
work.  t>  '-aned  st-p 

It  is,  as  a  rule,  advisable  to  tumble   the  sprues  in  a  sepa- 
rate barrel  of  rather  large  dimeiixi,,ns,  in   which   slai;   and 
skimming*  containing   globules    of    iron,   called    shot 
that  may  have  1»-  th  the  refuse  or  spilled  in 

the  handling,  may    a,  ;mbled.      The  spaces  brt 

the  tumblin.  «-s  are  very  small,  hence  the  din 

must  be  tumbled  quite  line   to  sift   through,  and  much  sh«.t 

through  the  opening  is  there- 
••d. 


The   tumbling    barrel  .  .f    which  is  shown  in 

19   general!}  ..f   two   heads  ,/,,/,  with 


Fio.  ». 

the    wholr    forming    a    stni.ture 
nietimes,  however,  they  are  simply 
I'he  barrels  or  drums  r«-st   upon  fri- 

r"N'  UT«    ino\inte.l  on  shafts  that   run  in 

'       '  '    :•  '  t  ion 

wheels.      A  g  !     .  about  :;  feel   in  diameter   and 
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5  feet  long,  usually  requires  about  5  horsepower  to  run  it 
when  charged. 

31.  In  the  best  practice  the  tumbling  barrels  are 
equipped  with  an  exhaust  system  attached  to  the  rolling 
barrels,  which  prevents  the  dust  from  falling  through  the 
cracks  between  the  barrel  staves.  The  air  is  exhausted 
through  a  hollow  shaft  at  the  ends  of  the  barrel  and  clean 
air  is  drawn  in  through  the  openings  between  the  staves, 
or  if  a  steel  drum  is  used,  through  perforations  in  the  head 
opposite  the  hollow  shaft,  only  one  exhaust  opening  being 
used  in  this  case.  By  the  use  of  the  exhaust  system,  the 
air  in  the  cleaning  room  is  kept  free  from  dust  and  the  men 
are  able  to  do  more  and  better  work. 

Fig.  20  illustrates  a  plant  equipped  with  such  a  system. 
The  exhaust  pipes  a  leading  from  the  barrels  are  connected 


FIG.  20 

to  a  main  conduit  b,  which  is  connected  to  an  exhaust  fan  c, 
through  the  conduits  d  and  e,  and  the  dust  box  /.  The  latter 
is  provided  with  a  deflector  plate  g,  which  causes  the  dust  to 
drop  into  water  in  the  bottom  of  the  box.  The  water  space 
is  so  constructed  that  it  forms  a  water  seal  and  at  the  same 
time  permits  the  dust  to  be  conveniently  removed.  This 
arrangement  prevents  the  heavier  particles  from  passing 
through  the  fan,  thus  preventing  the  grinding  that  would 
otherwise  take  place  and  lengthening  the  life  of  the  fan. 

The  conduits  should  be  so  calculated  that  equal  suction 
is  exerted  on  each  barrel  without  regard  to  the  number  of 
barrels  in  use,  and  blast  gates  should  be  provided  at  suitable 
points  to  make  the  system  perfectly  flexible.  The  exhaust 
fan  is  placed  at  the  extreme  end  of  the  line,  and  if  a  water 
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i*  not  used,  <>uld  be  made,  if  pos 

able  pock«  .:  the  line.     Tin-  i 

.•AH  through  the  fan,  is  blown  «.m 

j.      I  he  tumbling  barrels  of  whatever  type  they  i 
be   a  4<-d    with    a    few     hundred     ;  f  small, 

<-il.  whir  :nonly    called    st;n  ^. 

,,|"  white  which  aid  in  cleaning 

put  in  on  top 

of  these  until  the  are  about  half  full,  when  tin 

securely  closed.  The  barrels  are  then  set  in  motion  and  the 
castings  tumbled  until  they  are  clean.  Tin-  average  t inn- 
required  to  clean  the  '  minutes,  though 

s  takes  a  whole  day;  by  the  ease  with  which  the  cl 
inn  is  done  the  opera:  know  whether  or  not  the  iron 

has  been  overheated  in  th  and  burned. 

Tl,  of  tumbling.  tin- 

molding  sand  that  adheres  to  :  ng  after  the  m..l<l 

•ut.      If  the   mol-i  i,   ..ut    when    the 

-till  hot,  tin- sand  is  frequently  burned  <  M.u'y 

that  •  i    •  •    '  es  not  remove  it,  but 

inel  of  sand  on  the  casting.      This  is  due  t 

•    .nd  the  f  or  in  a - 

iron    with    the  sand,  which  is    really  a 
slag.      If  this  material  should    be  allowed  to  get  into  the 

\vould  be  in  <  •.  ith  the  o 

it  would  prod  and  the 

•>KS  would  have  a  :i>alable. 

Thr  in    the  air  when  the  in. .Ids 

are  shaken  out  while  •  ;.l  the  con^-<jnent 

bur-  •  ad,  pP.dii  '  ;.  ally   tin-  ^aine  result 

as  a  bur-  ,1  in 

.pped  out.      The   internal  . 
.Ks  will    have  long  lines  of  hurnn:  hi<  h  can 

• 

i,  thr  barrel  and 

opened,  and  the  castings  t.t 
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When  heavy  castings  are  tumbled,  sticks  of  wood  are 
placed  in  the  barrel  to  take  the  heavy  blows  of  the  metal. 
Sometimes  the  castings  are  even  wedged  into  the  barrels  and 
the  stars  allowed  to  tumble  about  them  as  the  barrels 
revolve.  A  good  tumbling-room  foreman  will  study  his 
castings  carefully  before  he  puts  them  into  the  barrels  and 
will  so  pack  them  that  there  will  be  the  least  possible  loss  by 
breakage. 

33.  Sand  Blast. — Sand  driven  at  a  high  velocity  against 
a  dirty  casting  will  clean  it  in  a  few  seconds,  and  in  specialty 
shops  this  method,  which  is  known  as   the  sand  blast,  is 
gradually  coming  into  general  use.     The  apparatus  required 
consists  simply  of  sand  reservoirs,  with  which  a  compressed- 
air  supply  pipe   is  connected  in  such  a  manner  that  the  air 
drives  the  sand  against  the  casting.     A  suitable  hose  con- 
veys the  air  and  sand  to  the  place  where  it   is  to  be   used. 
Some  auxiliary  apparatus  is  also  required  for  hoisting  the 
sand  to  the  tanks,    washing  out   the  dust,  and    drying   it. 
While  this  method  is  very  effective,  it  is  exceedingly  trouble- 
some, expensive,    disagreeable  to  the  workmen,   and  shows 
the  surface  defects  of  a  casting  too  plainly  to  be  generally 
appreciated. 

34.  Cleaning  by  Hand. — A  simple  scratch  brush,  old 
files,  chisels,  and  hammer  are  all  the  tools  that  are  necessary 
to  clean  castings  by  hand.     All  delicate  castings  that  may 
be  injured  by  rough  handling   or  by    tumbling,   or  pieces 
required  in  a  great  hurry,  are  cleaned- by  this  method. 

As  there  is  little  facing  used  in  malleable-iron  molding, 
the  castings  are  sometimes  so  thickly  incrusted  with  sand 
as  to  be  almost  unrecognizable.  The  sand  rolled  or  brushed 
off  is  in  that  case  preserved  and  sent  to  the  annealing  room, 
where  it  is  used  to  make  the  mud  or  mixture  that  is  used  to 
lute,  or  seal  up,  the  openings  about  the  oven  doors,  and  also 
sometimes  to  cover  the  pots  and  the  openings  between  the 
pot  sections. 

35.  Pickling. — Hard    castings    are   also   cleaned   by 
immersing  them  in  a  solution,  called  a  pickling  solution, 
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that  removes  the  sand.     This  met:  -real  importam e. 

•st  will   not    be  greater  tlian  when 
.milling.     Two  different   solutions  ar< 

tull\  I*.      In  the  one,  sulphuric   ac-id   is 

the  activr  agent,  while  in  the  other  hydrofluoric  acid  is  used, 
i enable,  a  >lves  the  sand,  while  sul- 

phuric acid  only  dissolves  the  iron  under  the  sand  and  thus 
•  t.-  fall  off.      Thr  sulphui  'hit  i«  .n  is  made  .  -t 

.  and  the 

hydrofb;  solution  of  1  pan    ..f   hydr-'tluoric  acid  to 

SOoi  .-..tier.     Wanning  up  promotes  the  action  of 

l»»th  these  solutions.    When  castings  are  cleaned  by  ; 

••  not  broken,  but    they    m  rally   remain 

in    the   bath   over  night,  whi-  -    considerable  d< 

when  th-  ;>e  produced  in  the  shortest    possible    tinn-. 

al    precautions  must    be    taken    in    handling  these 

acids,  especially  the  hydr«.tlu'.ri,-.  a  drop  <>f  whii-h  in  its  con- 

.t uses  a  sore  that  may  take  about  6  weeks 

to  heal.     It  i  :>le  to  use  rubber  gloves  when  handling 

it.  -  carried  on  extensively  the  solution  is 

kept  in  large  wooden  tanks,  provided  with  lead  strain  siphon 

pumps  t>  the  pirkling  fluid  tK.m  ,,Mr  tank  to  another. 

must    be   available   to    wash    the    sand    and 

rg  have    been    treated. 

If  tl.-  :    t"  rust    before  they   are  pickled, 

the   annealing  process  (lean    and   free 
from  scale. 

It  is  advisable   to  have  an  c\  malleable-inm    plant 

rquip|>rd    with    tumbling  benches    and    (1 

kling  baths,  and   possibly  the  sand  bl 
.    method   that    may  be   n 
'••lr  for  the  work  in  hand. 

•i.     A«*ortln|f.— When  the  (,  tve  been  cleaned, 

•ig  room,  in  which   they   are  inspected 
trctive  ones  are  rejected,  the  gates  chipped 

•••iratrd    it  |  ,  s    and  weighed. 

w^  the  annealing  room 
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The  assorting,  or  trimming,  room  is  one  of  the  most  impor- 
tant departments  of  a  malleable-iron  works.  Here  all  the 
bad  work  comes  to  light.  If  any  pieces  are  rejected,  the 
inspectors  go  over  the  bad  work  with  the  molders.  Experi- 
enced men  are  required  to  do  good  work  in  this  department; 
they  must  know  how  to  discover  hidden  flaws,  must  chip  off 
the  gates  without  digging  holes  into  the  castings,  yet  remove 
all  the  unnecessary  hard  metal.  The  weighing  is  all  done 
in  this  department  and  the  pay  of  the  piece  workers  made 
out.  In  order  to  do  justice  to  the  men  and  to  the  firm, 
men  of  good  judgment  and  perfect  honesty  are  required. 
The  department  should  also  be  well  organized  irr  order  that 
the  work  may  be  done  in  the  most  efficient  manner. 

A  careful  account  should  be  kept  of  the  number  of  good 
and  bad  pieces  of  an  order,  so  that  the  molding  loss  of  the 
day  may  be  ascertained.  In  a  well-organized  shop  this 
should  not  exceed  10  per  cent.  When  it  runs  above  this 
amount  a  careful  investigation  should  be  made  to  determine 
the  causes,  whether  from  the  iron,  the  molding,  or  the  clean- 
ing, and  immediate  steps  should  be  taken  to  correct  the 
fault. 


MALLEABLE  CASTING. 

(PART  3.) 

MALLEABLE-IRON   PRODUCTION. 

(Continued.) 


ANNEALING-DEPARTMENT    PROCESSES    AND 
EQUIPMENT. 


ANNEALING    PROCESS. 

1.  Chemical  and  Physical  Changes  'Produced. 
The  annealing  process  consists  of  heating  the  castings  to 
the  temperature  necessary  to  change  the  carbon  from  com- 
bined to  temper  carbon,  and  holding  them  at  that  tempera- 
ture until  the  change  is  completed.  As  the  castings  are  held 
a  long  time  at  a  red  heat  they  must  be  packed  in  a  suitable 
packing  material,  as  explained  later  on,  to  prevent  their  warp- 
ing and  burning.  It  has  been  found,  however,  that  the  change 
in  the  condition  of  the  carbon  takes  place  independently  of 
the  surroundings  of  the  castings  if  the  temperature  is  just 
right;  but  if  the  temperature  is  too  low,  no  change  takes 
place ;  if  too  high,  the  castings  are  burned.  It  is  not  advisable, 
however,  to  attempt  to  do  practical  annealing  without  pack- 
ing the  castings  in  a  suitable  material,  owing  to  the  danger 
of  burning  them  if  the  temperature  should  become  too  high. 

When  a  casting  is  burned  in  annealing,  the  fracture  is  dis- 
tinctly crystalline  in  appearance,  but  of  an  altogether  differ- 
ent nature  than  the  crystallization  of  the  hard  iron.  The 
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.ire  so  hard  that  they  scratch  gla  and  are 

large  as  J  inch  on  their  flat  faces.     When  cast 

M  annealing  ovens  without  being  fully  anneal.  <1 
they  should  be  r<  .  care  being   taken 

i.icr  thnn  iii  the  least  exposed  portions  of  the  oven   to 
save  them  from   burning.     There  is  a  general    in, 
that  such  castings  are  spoiled,    but    this   is   not   the   case 
although  they  art-  undoubtedly  weakened. 

The   annealing  process  t«>  which  the    white  castings  are 
,  ted   in  -    c-.nvert    them     into    malleable   ir«»n. 

•  tended  to  change*    the    com!  -on    to    i 

.1    to   remove  a  portion   of  the  carbon 

.    thereby    inakii 

roachthc  early  as  possible.    This 

•.gr  in  the  percentage  of  carbon  is  illustrate. 1  in  Fi. 


«*x 


i. 

which  reprcs'  -  ••  "I  haul  iron  broken  in  two  an<i 

-•al'-.l.      The  pen  n   in  the 

ann«  inlrrva'  •  ii    h«.in   the  surface,  are 

given  in  the  table  at  the  right  "I  the  illustration.      The  data 

•  uncut.        A  sample  about 

IJ  inches  thiek  was  selei-  ,',,   inch  thick  taken 

vith  a  shaper,  and  th-  :  eacfc  cut   laved  and 

• 

•mealinv;,  the 

i'«  '»«'h  -  .  the  second   Ml/i  per 

:  1*5  percent  .  an<l 
lamder  of  the  piece  a 
"1\  .«•!    prr  cent    lower  than  the  per- 
•nir. 
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2.  The  carbon  in  the  hard  casting  was  nearly  all  of  the 
combined  form,  while  in  the  annealed  part  it  was  nearly  all 
in  the  form  of  temper  carbon.     The  effect  of  the  decarbon- 
izing, it  will  be  seen,  is  scarcely  noticeable  beyond  a  depth  of 
T\  inch.    Pieces  that  are  only  about  £  inch  thick  will  resemble 
steel  in  their  nature;  they  may  even  be  hardened  by  heat- 
ing them  properly  and  plunging  them  into  water.     It  will, 
however,  be  noticed  that  the  skin  of  the  casting  is  too  low  in 
carbon  to  work  well  as  steel,  but  it  may  be  enriched  in  carbon, 
if  desired,  by  a  case-hardening  process.     It  will  then  have  a 
composition  that  will  behave  like  steel,  when  not  subjected 
to  excessively  hard  treatment,  and  is  much  cheaper  if  used 
for  tools  that  are  expensive  if  forged.     Milling  cutters,  chis- 
els, and  wood-working  cutters  made  in  this  way  give  excel- 
lent service,  and  many  hatchets  and  hammers  are  sold  as 
cast  steel  that  are  in  reality  case-hardened  and  tempered 
malleable  castings. 

Another  method  of  recarbonizing  the  skin  of  a  malle- 
able casting,  which  is  practically  wrought  iron,  consists  of 
dipping  the  malleable  castings  into  a  crucible  of  melted  high- 
carbon  steel.  This  method  is  used  especially  in  the  manu- 
facture of  scissors.  Case-hardening  with  potassium  ferro- 
cyanide  (yellow  prussiate  of  potash)  gives  the  best  results, 
however.  Malleable  iron  made  by  the  open-hearth  process, 
in  which  the  carbon  is  near  the  minimum  limit,  shows  a  nice 
black  fracture.  When  heated  to  a  red  heat  and  plunged  in 
water  its  structure  will  be  changed  to  the  finest  steely  grain 
and  every  sign  of  blackness  will  be  gone,  the  temper  carbon 
seemingly  being  recombined.  The  strength,  however,  is 
not  great.  In  straightening  warped  castings,  therefore, 
they  should  not  be  heated,  as  the  recornbining  of  the  carbon 
again  causes  a  white  fracture  and  tends  to  destroy  the  power 
to  resist  shocks.  They  are  therefore  liable  to  be  condemned 
and  returned  by  the  purchaser. 

3.  Extent  to  Which  Annealing  is  Carried.— The 

extent  to  which   the  annealing   process  is  carried    depends 
largely  on  the  amount  of  time  available.     When  work  must 
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be  produced  in  a  very  short  time  and  the  duty  of  the  castings 
•t  too  exacting,  the  time  during  wl  y  are  allowed 

to  remain  in  the  annealing 

the  other  hand,  when  the  conditions  permit  or  reqm 
the  time  is  lengthen*  lingly.     In  the  ca 

gency  work,  when  it  may  be  necessary  to  ship 

r  they  are  cast,  they  may  be  placed  over  night 
in  an    open-hearth    melting  furnace,    the   temperature    of 
which  is  kept  so  that  the  castings  are  just  short  of  a  full  red 
heat;  in   the   morning  the  castings  will  be  annealed  I 
•lv  to  ship,  but  the  strength  will  be  below  that  of  < 
ings  that  have  been  treated  in  the  regular  way.     Castings 
annealed  by  this  quick  method  should  not  be  cooled  in  linn •; 
ime  should  be  kept  away  from  tin-  annealing  room 
entirely,  as  it  tends  to  eat  out  large  blotches  fnun  tin-  skin 
of  the  castings,  and  thus  destroy  their  appearance. 

4.     Pnckinc    M.iicriuto. — Castings  may    be  annealed 
when  pa<  .ind,  fire<  .ny  other  inert  BU 

but  the  skin  will  not  be  decarbonized  to  the  same  exten 
when  packed  in  oxide  of  iron,     The  object  of  parking  in 
oxide  of  therefore  not  only  to  hold  up  the  f<»i: 

the  work,  but  to  assist  in  removing  some  of  the  carbon.  I !  \\ 
this  is  done  is  yet  in  doubt.  Some  investigators  claim  that 
the  oxygen  penetrates  the  eastings  and  actually  burns  the 
carbon  out  of  them;  others  think  that  the  iron  burns 

and  that  the  carbon  rather  diffuses  out   in  .1 
simii  it  in  which  sulphur  is  known  to  leave  a  ranting 

heating. 

The  parking  material  generally  used  for  iron  melted   in  a 
furnace  is  puddle  scale,  although   rolling-null 
ttted  With  fOOd  rettllta        i  melted  in  a  cupola.  h< 

A     temp. 

1,000  or  1,800°  F.  is  required  to  anneal  cupola  iron.  \\hil«- 
furn  will  ann«  1,250°F. 

and  thr  temperature  should  not  ex 

>  heated  readily  to  the  highest    temperature  given 
above  without  baking  serious!  puddle  scale,  being  a 
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silicate  of  iron  mixed  with  oxide,  will  fuse  at  1,600°  F.,  burn 
on  the  casting,  and  in  melting  will  run  between  the  castings. 
This  tends  to  warp  and  bind  them  together,  forming  a  mass 
that  cannot  be  used  in  a  malleable-iron  foundry,  and  must 
usually  be  sold  to  blast  furnaces  at  a  very  low  price. 

5.  The  necessity  of  thoroughly  cleaning  hard  castings 
becomes  apparent  in  the  annealing  process.  If  any  of  the 
molding  sand  is  allowed  to  remain  upon  them,  when  sub- 
jected to  a  high  temperature,  it  combines  with  the  iron 
oxide  in  the  scale  and  increases  its  fusibility.  The  silicon 
that  enters  the  packing  material  soon  works  down  to  a  fine 
dust;  to  prevent  its  accumulation  in  sufficiently  large  quan- 
tities to  become  seriously  objectionable,  the  scale  should  be 
screened  occasionally  and  the  finest  dust  thrown  away. 
When  the  scale  has  been  overheated  and  baked  together  for 
a  time  there  will  be  little  dust  to  screen  out. 

In  America,  puddle  scale  is  used  almost  exclusively  as  an 
annealing-furnace  packing  by  the  founders  producing  the 
heavier  classes  of  work.  This  material,  which  is  the  slag 
squeezed  out  of  the  iron  produced  by  the  puddling  process, 
always  contains  lumps  of  iron,  which,  however,  are  not 
objectionable.  It  should  be  clean  and  free  from  fine  dust 
and  fairly  dry  when  received.  When  the  first  supply  has 
been  purchased,  there  should  be  no  need  of  buying  any 
more,  as  the  pots  in  burning  away  furnish  flakes  of  oxide  of 
iron,  which,  when  crushed,  form  ideal  scale.  There  is  a  ten- 
dency for  the  scale  to  gradually  work  itself  into  a  better 
oxide,  as  the  silicates  are  screened  out  in  the  form  of  dust, 
leaving  a  clean,  pure  oxide  of  iron  behind.  This  tendency 
may  be  hastened  by  sprinkling  the  scale  with  sal  ammoniac 
dissolved  in  water  after  each  time  it  has  been  used,  to  rust 
it  thoroughly.  This  practice,  however,  is  now  abandoned 
almost  entirely  in  the  larger  works,  and  more  oxide  in  the 
scale  is  obtained  by  adding  steel  borings  in  order  to  let  the 
oxidation  attack  these,  thus  sparing  the  castings. 

When  the  scale  has  been  used  for  some  time,  it  should  be 
in  the  form  of  grains  about  the  size  of  a  small  pea.  In  this 
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it   readily  runs  between  ind    parks  tin  in 

lightly.      Larger  pieces  cause  air  passages  between  the  « 
ings  and  also  allow  ti.  and  become  warped; 

smaller  pieces  give  trouble  by  baking  together  when 

erature  becomes  a  little  too  high. 

\  NM     VI    IN«.      !•(»  I  x      \M>     I    »    I/N   V^l    S. 

6.     Ainic.iiiiiL:    i»"i>-  "t'  three  or  t"«>ur  cast-iron 

I,  without  b<  i  a  stool.     They  arc  preferably 

J  iron  capable  "t  i 

ing  ln-h  temperatures,  although  many 
i    .uc  made    from  the    regular 
mall-  n  mixture.     The  mixture, 

when  especially  prepared  f«.r  this  pur 
pose,  has  been  given  in  Malleable  i 

Their    shapes   may  vary 

considerably:  ay  be  square,   ..bl«»n^.    r«»un.l. 

Spci  i  -  t<>  suit  the  castings  going  into  them  ;  the  i 

generally  usrd.  h«.\vev  \vnin  Fig.  2,    The  inside  dimen- 

sions are  Iti  in.  X  M  in.  x  15  in. ;  the  thickness  of  stock  tapers 
fr«.m  1  i:  per 

tt  in  m«> 

h   the 

t,  wlm  h  '.me 

as    the  sli-.wn    in 

plate  <i  <  --veral    indx-s  beyond    the 

.1  tun  k  may  be  run  under 

Ihen  purjMis«-  ^  them  up  ami  .-arrying  them 

to  and  t  lMng  oven. 

7.       I'.ivLni^      the       \inic.iliiit:      l»«.|s,.      -In    <  har. 

>et  upon  a  stool  and  a  few  sh«.Vel- 

•\  n  in  to  cover  the  bottom  to  a  thickness  of 

iwhes;  then  ngs  are  laid  in  closely  and 

I  way  that    they  will    read  any  tendency  to 

•ag  '  About    :  ...uld  lie  betv 

th»-  the  cast  :,1U  jn  scale, 

•tamping  it  down  with  bars,  at  the  sat  iding  the 
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box  on  both  sides  to  settle  down  the  scale  into  a  tight  mass. 
Layer  upon  layer  of  castings  go  in  in  this  way.  When  the 
first  box  is  filled,  another  box  is  placed  upon  it,  then  a  third, 
and  finally,  if  desired,  a  fourth  one  may  be  added.  When 
long,  slender  castings  are  to  be  annealed,  the  fourth  box  is 
required. 

When  the  packing  is  finished,  either  a  plate  of  iron  may 
be  put  on  the  top,  or  it  may  be  covered  with  about  1  inch  of 
mud,  which  is  made  up  of  the  sand  removed  from  the  cast- 
ings in  the  hard-tumbling  room  mixed  with  enough  water  to 
make  a  stiff  paste.  At  the  same  time  the  cracks  between 
the  boxes,  in  fact,  all  openings,  may  be  mudded  up  and  the 
pot  turned  over  to  the  charging  gang.  If  mud  is  used,  it 
must  not  be  allowed  to  mix  with  the  scale,  and  must  be  care- 
fully cleaned  off  before  the  pots  are  emptied.  This  takes 
considerable  time,  and  the  pots  are  therefore  often  left  open, 
the  scale  being  simply  rounded  up  on  them.  This,  however, 
causes  the  scale  to  cake,  but  it  is  claimed  that  it  is  less  expen- 
sive to  tumble  the  scale  occasionally  than  to  clean  off  the 
mud  after  each  heat. 

In  packing  the  pots,  the  following  precautions  should  be 
taken:  Delicate  castings  should  go  in  the  middle  of  the  pot, 
where  the  heat  is  not  so  intense  as  at  the  top.  If  large, 
heavy  castings  are  packed,  light  ones  may  go  beside  them 
with  safety.  If  the  castings  are  too  thin  to 
bear  a  weight  above  them,  they  may  be  placed 
in  the  upper  part  of  a  pot,  but  must  be  placed 
in  the  portion  of  the  furnace  farthest  away  from 
the  fire;  the  same  is  true  of  castings  that  must 
be  reannealed.  When  work  is  packed  that  it  is 
essential  to  trace,  or  locate,  immediately  when 
the  furnace  has  cooled,  it  is  customary  to  place 
a  brick  on  top  of  the  pot,  which  acts  as  a  good 
marker.  The  pots  can  also  be  streaked  with 
mud,  which  is  red  and  quite  legible  on  the  black 
background  of  the  pot,  when  it  emerges  from 
the  oven.  Fig.  4  shows  a  pot  that  is  ready  to  be  placed 
in  the  oven. 
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The  course  of  the  hot  gases  in  an  annealing  oven  is  down- 
ward, so  tha  il  the  most  exposed  to  the 

vastes  away  more  rapidly  than 

MI.     The-  annealing. room  foreman  must   therefore 

be  careful  to  work  the  upper  sections  of  the  pots  gradually 

int«»  the  low.  .-rage  service  may  be 

il.     New  pots  are  liable  to  crack  when 

.   th<-   high   temperature  of  the  annealing 

.  but  if  th«  v  «lo  ncit  *  time,  they  will  prob- 

rack  runs  across  opposite 

still  be  used  by  placing  a  piece  of  an  old 

•  hus  covering  up  the  crack,  and  luting  it 

well  with  mud.    Kvmiually.  however,  it  will  open  up  too  much 
to  be  made  serviceable  in  this  way  and  must  be  discarded. 

8.    Th-    me  ot  .iinic;iiiMir  pota  varies  considerably.     If 

»>  gray,  they  will  last  only 

3  or  ron  is  good,  the  average  life  is  about 

9  heats,  whet  er  gas,  or  natural  gas  with  no 

With  natural  gas  carefully  regulated  to 

taut  supply,  the  actual  average  of 

been  found  to  be  19|  heats.      This 

re  in  the  management  of  the  fires  may 

s  alone. 

The  sides  of  the  boxes  will  gradually  bulge  out  and  become 

mil:  edges  will  \\  .nd    finally  it  will    pay 

•  •V  can    be  cut    up  and    remelted    in  the 

i;   but    this  is   not 

•,:grd  with    oxide,   whieh    if 

•  U«e<l  Makes    them    1<  •        -t     the 

\  MM,  >vi  IM,  principle  of  the 

raft   furnace. 
equipped  for  the 

bur;  The   gas  and  air  enter  the  oven 

:'"•  -  '  he  wall    /;  and   travels   up, 

•trik  iiiltrrl    r  Qected   downward;   the 

^e  the  p«  \vn   through 
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the  flues  f  in  the  bottom  of  the  oven  and  out  through  the 
flues  g,  h  to  the  chimney  /.  A  damper  j  is  placed  in  the 
chimney  flue  //  to  regulate  the  draft. 


FIG.  5. 

Ovens  are  usually  built  in  batteries  of  five  or  six,  if  of 
a  large  size,  and  ten  or  twelve  if  small.  They  are  built 
against  one  another  and  the  tie-rods  extended  all  along  the 
top;  much  material  is  saved  by  this  arrangement.  The 
ovens  are  moreover  kept  fairly  warm  during  the  charging, 
as  alternate  ovens  are  usually  kept  in  fire  all  the  time,  in 
order  to  keep  the  draft  uniform,  especially  when  they  all 
communicate  with  one  stack. 

The  temperature  of  an  annealing  oven  is  not  as  high  as 
that  of  a  melting  furnace  and  it  can  be  built  of  much 
cheaper  material;  No.  2 
firebrick  may  be  used 
for  the  lining  and  com- 
mon red  brick  for  the 
outside  walls.  The  con- 
necting walls  between 
two  ovens  are  made  of 
9-inch  red  brick  faced 
with  4 -inch  firebrick, 

i  M        i  •  j  FIO.  6. 

while  the  crown  is  made 

of  9-inch  firebrick  covered  with  4-inch  red  brick,  as  shown 

in  Fig.  6.     Great  care  must  be  taken  to  get  a  good  bond,  or 
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joint,  between  the  two  kinds,  as  the  red  brick  is  smaller  than 

The  high  1  ulency  to  disinteg 

brickwork  eventually,  ami   it    inn  mtly   be   kept    in 

repair  by  a  brickla 

The  floor  of  ovens  that    are  charged  by  means  of  a  truck 

•>f  large  tile,  which  covers   the   tines  in    which  the 

escaping  gas<  <-fore  going  out  through  the  chim- 

thus  k«  -  t "in  h«>t.     The  floors  of  o\ 

. ,ed  by  i!  lirebrick 

with  a  i 

I  O.  iiown  in    !  ,  made  of  heavy 

wrought  1    tied    together    with    ci 

.  • 

filled  witli  firebrick.  The 
shown  loosely  tit  into 
H,r  frame  c  and  h. 
space  </,  the  widtli  <>f  one 
brick,  between  the  halves. 
are  lifted  by 
:  lie  prongs  of  the 
ing  truck  into  t  h  e 
openings  ,-,  t'  at  the  bottom, 
which  are  provided  for  this 
purpose.  The  d  oo  r  s  are 
also  frequently  hung  on  he. ivy  hinges,  so  that  they  can  be 
swung  01  Qg,  The 

hinged  doors  fit  against  the  <••  es  <>f  th-  and 

when  closed   the   ope;  tin-  edges  are  nude  air- 

tight  by  mndding   them    up.       The  doorl  when   hinged  are 
•lly  built  ti|»  •  uid  T  in-n.  s.»  as  to  hold  the  brick 

bi  iek  is  left  between 
the  1.  in  the  doors  shown  in  !•  ig.  7. 

;••  rp  holes  /  are   made   in  the   doors   in    order    to 

observe  the  <  r  part,  and  the 

n  the  lower  part  of  tl  lh<   tiring 

the  him. i.  e.  lience  a 

good  view  is  thiougli   the   npp.-i '  1: 
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The  oven  tender  or  foreman  regulates  the  fire  by  the  length 
of  the  flame  he  sees,  as  well  as  the  temperature.  The  front 
of  the  oven  at  the  bottom  is  the  coldest  part,  and  tests  are 
therefore  made  at  this  point  with  a  pyrometer,  to  see  if  the 
temperature  required  to  perfect  the  process  is  attained. 

11.     Fig.  8  shows  a  plan  of  the  bottom  of  the  oven,  in 
which  a  is  the  firebox,  or  combustion  chamber,  £,  b  are  the 


PIG.  9. 


openings  through  the  floor  into  the  flues  r,  c,  which  lead  to 
the  chimney  d.  Dampers  e,  e  are  placed  in  the  flues  near 
the  chimney  to  regulate  the  draft.  The  openings  b  are 
regulated  by  the  oven  tender,  who  covers  as  many  as  may 
be  necessary  to  distrib- 
ute the  heat  as  required. 
The  tops  of  the  flues  are 
often  covered  by  arched 
brickwork,  but  this  is 
quite  expensive.  A  less 
expensive  method  of  covering  them  is  illustrated  in  Fig.  9, 
the  flues  being  shown  at  a. 

The  dampers  e,  e,  Fig.  8,  are  made  of  flat  cast  iron  and 
hung  in  cast-iron  frames.  They  are  counterweighted,  and 
should  be  kept  closed  as  far  as  possible,  as  too  great  an 
opening  permits  a  great  loss  of  heat  from  the  oven. 

In  order  to  obtain  a  more  uniform  temperature  through- 
out,  some  ovens  have  air  spaces  in  the  side  walls  to  prevent 
radiation,  and  others  have  double  crowns,  the  hot  gases 
being  allowed  to  circulate  between  them.  While  these 
ovens  work  very  well,  both  the  first  cost  and  the  cost  of 
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maintenance   are    ver  there  is   some   question 

.:  <•    really 

urse,  desirable  to  have  a  uniform  tem- 
pcraturc  in   the  oven,  but  it  i  when  the 

is  properly  r.  ia  only  a 

60°   P.   bctw<  i  ml  coldest    : 

ovens  of    this    class,    and    about    200°    F.    in    the    ordinary 
. 


i  oi/    in    \MN<;     VN\I    \IINC.   OVKNS. 
IV.  I  uc  I      u»»c«l      iii     ;i  iincii  I  iiiii     O\CIIH     nil 

.   natural   ^as,    j)roducer  gas,  or  oil,    while 
<:  experiments  have  been  made  with  coal  dust. 
i  fuel  requires  somewhat  i   treatment   in  01 

^ults. 


I    i.     oi.ii-itin  ninv;    i:«|iii|»iiiciit.      1    -     10  shows  the 
firel)  dinary  (  .    >  bein^  tl 

b  the  fire-door,  c  tlie  ash-pit 
.  (/  tlie  bridge  wall,  and  <' 
the  crown  of  the  oven.  The 
firing  with  this  style  of  furnace 
does  not  dillVr  from  the  method 
of  firing  an  <»rd  earn 

boiler,   except   that   the    ti 
Slow.      A    tlii.-k    bed    of    fuel    is 
ind    the  air  passages   kept 
Closed    as    mu.ii    as    po 

'xccp  out    all    um 

sary  cold   aii 

cleaned      p«-i  iodi  rally      and      a 
maintained. 

coal  gives  the  b«  ->t  result 
blirr  :    When  the  furnac. 

ke  is  rea  r,d  gives  M(. 

uld  be  convenient  to  the  inch 

ndry  an 
Jboies  opposite  w  .iiidi  the  coal 
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is  brought  into  the  building.  When  a  railroad  siding  can 
be  brought  along  the  side  of  the  building,  so  that  the  coal 
can  be  transferred  directly  from  the  cars  to  the  piles  in  front 
of  the  furnace  doors,  it  greatly  reduces  the  cost  of  handling. 
The  furnace  shown  in  Fig.  10  is  applicable  to  single  ovens 
only.  When  the  ovens  are  built  double  a  slightly  different 
arrangement  is  used.  Fig.  11  (a)  shows  an  end  view  and 


d 

(a) 


FIG.  11. 


Fig.  11  (b)  a  side  view  of  the  firebox  used  in  this  case,  in 
which  a  is  the  grate,  b  the  openings  through  which  the  hot 
gases  pass  from  the  firebox  into  the  ovens  c,  and  d  anneal- 
ing pots  in  the  position  in  which  they  stand  during  the 
annealing  process.  A  bridge  wall  e  carries  the  flame 
upwards  toward  the  ports  b.  The  space  f  beneath  the 
bridge  wall  is  filled  with  clay,  broken  brick,  or  any  other 
material  that  will  not  press  outwards  when  it  is  baked.  An 
arch  g  is  built  in,  both  at  the  front  and  the  back  of  the  fur- 
nace, forming  the  top  of  the  fire-doors  at  the  front  and  an 
opening  to  the  space  below  the  bridge  wall  at  the  back.  This 
firebox  is  really  a  special  furnace  built  in  between  the  side 
walls  of  two  ovens.  While  the  results  obtained  from  this 
system  are  generally  good,  it  takes  longer  to  heat  the  ovens 
than  in  the  case  of  single  ovens,  and  any  difficulty  with  the 
regulation  of  the  draft  will  cause  the  castings  to  be  imper- 
fectly annealed  in  at.  least  one  of  the  ovens.  A  separate 
fire  for  each  oven  is  therefore  preferable,  even  though  it 
takes  the  room  of  several  pots. 

53B— 15 
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14.     t;u»-liui  .mi-   I  1 1  ui  pin  cut.      When  natural  <M  : 
duccr  gas, oil,  or  coal  dust  «  l.tlu  s; 

ii>ly  shorter  than  \\ln-n   Coal    is 
used,  as  in  these  cases  ;  i>  n -quired. 


In  Fig.  5thci>r<lr  n^eim-nt  tor  natural  jjas  i 

In  the  ras«-  of  double  OVenS  there  is  a  lii< -I-  -\  ,/,  ,i  at  rat  h  rnd, 

as  shown  iii  I'  n  th<-  i\\ 

III    smite    \\  ,|y    where    natural    j^as    at    a    hi^h 

ible,  it  is  alL.wr.i  to  enter  the  pven  <lii«M-ti\ . 

an    air    n  :  in-    end    «.|"    the    ^as    ; 

:  ii    the  !irel).»x  alt-.-etlier.  and 

thcrcfon-    in-  the    annealing    oven. 

of    the    burners  <i,  <i    \vitli 


ir  I>"ts  b.     This   mrth.xl  is  rather 

over 
.  in  which    thr    burning  gases   may    beeon  A  hat 
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The  principle  of  the  air  mixer  commonly  used  is  illustrated 
in  Fig.  14.  The  gas  enters  through  the  tube  a,  into  the 
chamber  b,  where  it  is  mixed 
with  the  air  drawn  in  through 
the  openings  c,  the  mixture  pass- 
ing out  through  the  nozzle  dy  at 
the  mouth  of  which  it  burns  in  a 
blue  flame.  The  flow  of  air  is 
regulated  by  means  of  a  plate  e,  with  holes  corresponding 
to  the  holes  r,  which  may  be  turned  so  as  to  make  the  open- 
ing of  such  a  size  that  the  required  amount  of  air  will  be 
admitted.  While  a  gas  mixer  is  desirable  when  heating  an 
oven  with  a  natural-gas  burner,  experience  has  shown  that 
after  the  full  heat  is  obtained  the  direct  flame  gives  the  best 
heat.  When  the  gas  comes  in  under  low  pressure  no  trouble 
will  be  experienced  in  obtaining  a  perfect  combustion.  The 
gas  is  burned  farther  in  the  furnace  and  a  more  even  dis- 
tribution of  the  heat  is  therefore  obtained.  With  a  blue 
flame  there  is  an  intense  local  heat  at  the  end  of  the  oven 
nearest  the  burner,  but  too  high  a  temperature  must  be 
maintained  at  that  point  to  produce  a  sufficiently  high  tem- 
perature in  the  colder  portions  of  the  oven  to  anneal  prop- 
erly, and  the  parts  subjected  to  the  excessive  temperature 
are  liable  to  be  injured  thereby. 


H 


15.     Oil-Burning 
Equipment. — Oil  may  be 

sprayed  into  a  combustion 
chamber  either  with  steam 
or  compressed  air.  Air 
gives  the  best  results,  but 
opinions  differ  greatly  as  to 
the  best  pressure  to  be  used, 
some  advocating  a  pressure 
of  6  ounces,  while  others 
maintain  that  a  pressure  of 
40  pounds  per  square  inch 
will  give  the  best  results.  Fig.  15  shows  the  arrangement  of 
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the-  rircb  .il-burning  OVCH,     Ti. 

igh  the  !  i  vies  through  a  coil  of  pip, 

•  1  comrs  up  and  i 

oil  that  enters  through  the  pipe  •  .  at  //.     The  oil  and  air  then 
pass  through  the  burner  <    an  they  emerge 

it.     The  luirner  under  a  pressure  of 

.  pounds  per  sip.  ..     The  burner  onlin. 

used  Mtillfubi.  ..  Part  2.    At 

:\  end  before  the  burner,  breaks  the  force  of  the  air 
nd   protects  the   bridge  wall  g.      It   also   mixe- 
:»d   air  intim..  idfl  tin-   combustion.     An 

air  passage  //  is  provided  behind  the  tile   t<>  furnish   more 
oxygen  to  the  tlame  and  cany  it   upwards.      The  air  spaces 
the  entrance  of  the  ti  re  usually  reduced  by 

;  loose  firebricks,  which  arc  added  or  removed  accord- 
•  lie  judgn  be  "Vcn  tend' 

One  of  th«-  troubles  met  with   in   the  bun  -il  is  the 

•i  of  great  masses  .irbon.  which  is  abn« 

I  graphite  and   must  !•«•   remove. 1    from  time  to 
time.      A  ainer  must  also  be  placed  before  the  bi 

so  tl  nail  orifice  through  which  the  oil  is  forced 

not  be  clogged  by  the  particles  of  solid  matter  that  are  liable 
to   c  the   supply    tanks  «.r  pipes.     Oil    burn  it.. 

excessively   hard  on    :  the   furnace   n<  . 

burner.     The  heat  is  even  more  intense  than  that  of  natural 
gas  when  the  mixer  is  used,  and  in  order  to  obtain  a  sutli- 
•emperature  in   the  cooler  parts  of  the  oven,  it 
6   the  tlame  at    the    burner   so   hot 
that  tie  firebox  is  injured. 

l<>.       ^  -•  .1    I  ».,M  -lluiniiiv;     I   <|oi|>iiiciit.       Coftl  dll 
used   as   a    fuel    for   annealing   ovens   in    malleable-iron 
:ntry.  although    r  yet    in  i: 

used  in  burning  it  resembles 

•    that    the  oil  pip. 

•    :    ppei        I    -  i  oal  i-  Around  so  fine 

that  ,,nt    through 

the  chimney,  scarcely  ever  giving  trouble  in  the  oven  11 
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Although  this  method  of  heating  the  oven  has  not  yet  been 
proved  a  complete  success,  it  is  thought  by  some  malleable- 
iron  experts  that  it  may,  when  perfected,  prove  very  valuable. 

17.  Producer-Gas-Burning  Equipment. — Producer 
gas  is  probably  the  most  difficult  fuel  to  use,  but  when  the 
entire  apparatus  is  once  running  successfully  it  is  equally  as 
good  as  either  natural  gas  or  coal.  As  the  quantity  of  air 
and  gas  entering  the  oven  should  be  as  small  as  possible  in 
order  to  maintain  the  required  heat  in  the  oven,  the  quality 
of  the  gas  must  be  good.  If  the  quality  is  poor,  so  much  air 
is  drawn  in  with  it  that  the  oven  is  not  heated  properly  and 
the  annealing  is  not  done  satisfactorily.  The  simplest  method 
of  burning  producer  gas  is  shown  in  Fig.  16,  in  which  a  is 


FIG.  16. 


the  combustion  chamber,  or  firebox,'  and  b  the  oven.  The 
gas  enters  the  combustion  chamber  from  the  main  gas  flue^r 
through  the  gas  ports  d,  e,  while  the  air  enters  through  the 
ports/,  £",  the  air  being  admitted  over  the  gas.  A  damper  h 
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tcetl  in  the  gas  connection  t<>  regulate  the  flow  of  gas  or 
rut  it  otf  entirely.     Two  sets  of  gas  and  air  ports  enter  the 

iiamher  in  order  to  in  :   supply  of 

In  tuiming  producer  %  Formed  and  runs  down, 

•se  the  lower  hese  become  clogged 

the  upper  ones  are  opened  gradually,   thus  maintain!] 
constant  supply:  the  damper  /  in  the   upper  gas  connection 

-e.     The  entire  burning  apparatus 
s  holted  together. 
s  arrangement  gi\  ry  ivsr.i- 

r     form  •inei-r-tfas-burning    apparatus 

aling  pu  which   has  proved    very   successful,    is 

shown    in    l;i^.     17.       In 
tins    case,    only   01 
inlet  port  ,i  and  one  gas 
inlet    port   b  are 
The  gas  supply   is  regu- 
lated by  means  of  a  valve 
c,    which     is    controlled 
by    a    hand    wheel   and 
//.  and  the  air  sup- 
ply, by  opening  or  clos- 

/  ini;  the  air  channel.     A 

.-— — >*s       s-* '  1 

/^  /~  dampei  provided 

F  \  for  cutting  «>tV  the 

1  j  from  the  gas  flue/.    This 

J  arrangement  of  the 

___^/  burning  ap| 

even    less    trouble  from 

thr    accumulation   of    tar    than    that     just     described. 
valves  and  p  .th.  however,  must  be  burned    01 

te  as  the  Hue,  or  they  will  e  choked 

with  soot  i   tendency  for  the  flame 

'•a.  k  into  the  ports  and  flues,  causing  a   prceipita- 

ii  in   the   flue,  between  the  gas  main  and  the 

.    which    sometimes    necessitates    tearing    them 

as   this   carbon    will   not    burn    out    with    the   soot,    being 

almost  as  refractory  as  the  oil  carbon  referred  to.     Great 
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care  must  be  taken  to  inspect  the  gas  boxes  very  frequently 
to  see  that  the  gas  does  not  burn  within  them.  If  it  does, 
the  flues  will  soon  become  choked  and  all  the  ovens  may 
have  to  be  shut  down  long  enough  to  remove  the  trouble. 
A  part  or  even  the  whole  charge  of  the  oven  may  be  spoiled 
and  much  delay  and  annoyance  caused. 

18.  The  Oven  Chimney. — In  the  most  recent  prac- 
tice, ten  or  more  annealing  ovens  are  connected  with  one 
chimney,  generally  about  80  feet  high  and  about  4  feet 
inside  diameter,  with  a  4-inch  lining.  When  the  heats  are 
steady,  such  an  arrangement  gives  good  results  and  effects 
a  considerable  saving  in  both  the  first  cost  of  the  plant  and 
the  cost  of  repairs.  When,  however,  the  works  are  liable  to 
be  run  intermittently,  it  is  often  advisable  to  have  a  small 
stack  for  each  oven,  as  in  that  case  there  will  be  no  loss  of 
fuel  and  time  in  starting  the  draft.  When  several  ovens 
are  connected  with  one  chimney,  considerable  trouble  is 
often  experienced  from  this  cause.  In  starting  up  the  ovens 
connected  with  a  single  chimney,  a  good  fire  lighted  in  its 
base  will  assist  considerably  in  producing  a  good  draft. 


OPERATING  ANNEALING  OVENS. 

19.  Charging  the  Ovens. — When  the  annealing  pots 
are  properly  packed,  so  as  to  prevent  air  passages  forming  in 
the  packing  material,  they  are  taken  to  the  oven  by  means  of 
a  charging  truck,  one  form  of  which  is  shown  in  Fig.  18, 
which  consists  of  two  arms  a,  a  with  handles  b,  £at  one  end, 
and  prongs  c,  c  at  the  other  end,  mounted  upon  a  truck  d,  d. 
The  arms  a,  a  are  so  connected  to  the  axle  of  the  truck  that 
when  the  lever  e  is  in  the  raised  position  shown,  the  prongs  c,  c 
readily  run  under  the  lips  at  the  end  of  the  stool  under  the 
pots;  and  when  the  lever  is  lowered  so  as  to  catch  under  the 
hook/",  the  pots  are  raised  from  the  floor  and  may  readily 
be  carried  to  the  oven.  The  small  wheels  g^  which  turn  on 
a  pivot,  support  the  handles,  thus  facilitating  the  handling 
of  the  truck. 
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A  gang  of  men  take  the  -  truck,  -ing  the 

lever  <\  let  the  two  prongs  r,  c  down  to  their  lowest  pos 
and  run  the  truck  under  the  pot,  the  prongs  catching  under 
:ps  of  the  stool.     The  lev.  r  i->  then  drawn   down  and 
caught  under  the  hook  /;  this  lifts  the  prongs  high  en- 
to  raise  the  pot  off  the  floor.     The  truck  is  now  pushed  into 


Pio.  18. 

the  oven  and  the  pot  lowered  in  the  position  desired. 
men  are  usually  required  for  this  operation.     Thr  truck  is 
made  long  enough  to  reach  to  the  rear  of  the  oven,  and  yet 
extend  out  far  enough  to  enable  the  men  to  remove  the 
row  of  pots  from  the  oven  while  it  is  still  quite  hot.  without 
being  burned.     The  same  truck  the 

v  hen  they  are  not  hinged.     They  are  held  upon 
k  by  the  men  by  me.i  ;i  table  iron  hook 

prevent  their  falling  over. 

Another  shorter  and   lighter  truck   of  tin-  same  geiv 

be    used    I  •  -in    one    pla< 

•her  in   the  annealing   ri..,m.   the   great    length   of    tin- 
tru.-k  tnaki:  nvenient  for  this  purpose,      A 

light  elf  pneumatic  traveling  crane  is  1  in 

some  foundries  to  carry  the  pots  about  the  annealing-room 
-  -me  may  be  operated  either  from  a  cage  or 
1 


i  ninv:     the     o\cn^  ie    oven    having    been 

charged,  the  doors  are  closed,  the  cracks  are  carefully  : 
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with  pieces  of  brick,  commonly  called  bats,  and  mud.  If 
gas  is  used  as  a  fuel,  oily  waste  is  lighted  and  placed  in  the 
firebox  and  the  gas  turned  on ;  if  coal  is  used,  the  fires  are 
started  without  any  special  precautions.  In  firing  with  gas, 
it  occasionally  does  not  ignite  at  once,  the  draft  carrying  it 
into  the  oven  too  quickly.  This  usually  results  in  an  explo- 
sion, which  frequently  ruins  the  roof  of  the  oven,  blows  out 
the  doors,  and  sometimes  causes  fatal  injuries  to  men  work- 
ing near  by. 

When  the  fires  are  first  lighted,  the  dampers  are  kept 
partly  open,  and  nothing  but  smoke  is  seen  in  the  oven  and 
coming  out  of  the  chimney.  In  about  6  hours  the  smoke 
becomes  lighter;  in  12  hours  a  faint  redness  should  be 
visible,  with  but  little  smoke;  and  in  24  hours  a  good  heat 
should  be  obtained.  In  36  hours  the  oven  should  be  heated 
to  the  required  temperature,  and  a  pyrometer,  which  is  an 
instrument  by  means  of  which  high  temperatures  are  meas- 
ured, used  to  regulate  the  temperature  properly. 

With  furnace  iron,  the  coldest  part  of  the  oven  should 
never  fall  below  1,250°  F.,  and  it  should  preferably  be 
1,350°  F.,  but  not  over.  In  annealing,  the  temperature 
should  be  raised  as  rapidly  as  possible  to  full  heat,  then  held 
stationary  at  this  temperature  for  the  required  time,  which 
may  vary  from  4  to  6  days,  and  finally  allowed  to  cool  down 
as  slowly  as  time  will  permit;  the  best  iron  is  obtained  in 
this  way.  Thus,  with  a  6-day  anneal,  36  hours  is  required 
to  heat  up  and  24  hours  to  cool  down,  leaving  84  hours,  or 
3£  days,  for  the  full  heat.  Good  work  has,  however,  been 
produced  in  72  hours,  and  other  work  has  taken  as  much  as 
216  hours  to  anneal  properly. 

21.     Measurement  of  Oven  Temperatures. — Two 

different  pyrometers  are  used  for  this  purpose,  the  old 
Siemens  ivater  pyrometer  and  the  Le  Chatelier  pyrometer. 
The  former  is  very  simple,  but  requires  considerable 
time  to  obtain  the  temperature  accurately,  while  the 
latter  indicates  the  temperature  more  quickly,  but  is  more 
expensive. 
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The  Slemenn  wotc.    pj  .  ..mcicr         list!  of  a  copper 

.Mung  a  weighed  quantity  of  water,  whose  tern- 

me  is  noted  by  a  ther- 
mometer placed  within. 
A  weighed  copper  ball.  <-r 
eyliii  -w  heated  in 

the  oven  for  10  minutes 
and  quickly  plunged  into 
this  water,  shaken  up,  and 
the  rise  in  temperature 
noted.  A  scale  that  is 
provided  with  the  thermometer  indicates  the  temperature  of 
the  copper  ball.  Suitable  precautions  should  be  taken  to 
prevent  the  escape  of  heat  during  this  ;  which,  if 

carefully  idkates  the  temperature  within  2f»°F.     As 

essential  that  the  temperature  of  the  pots  and  not  that 
of  the  oven  be  taken,  the  copper  cylinder  is  placed  in  an 
holder  against  the  coldest  pot  in- the  oven,  that  is,  in 
the  front  row,  farthest  from  the  fire,  and  opposite  the  lower 
peep  hole,  as  shown  in  Fig.  !'.».  in  which  a  represents  tin- 
ier, b  the  holder,  c  the  annealing  pot.  and //the 
peep  hole  in  the  door.  The  copper  cylinder  is  then  sur- 
rounded by  iron  and  touches  the  pot.  There  can  thus  be  no 
overheating,  and  in  about  lo  minutes  the  temperature  of  the 
copper  is  practically  equal  to  that  of  the  p«»t.  and  the  test 
may  be  completed  >  well  to  cover  the  peep  hole 

with  a  c«  te  /  while  heating  up  the  cylinder  to  pre- 

inward  draft  of  cold  air.      When  a   numbei 

be  kept  heating  COH- 

tinu  ;t    in    tli  .are    must     be   taken    that    the 

sed  each  time,  as  there  is  some 
lo«  whenever  the  cylinder  is  plunged  in  and  removed. 

Whm  CUJM.  to  be  annealed,  this  pyrometer  cannot 

be  used  advantageously,  as  the  tn  ,    required  is  too 

melting  point  of  copper.     The  experienced  annealer 

thcr  ually  looks  for  a  crack    in  the  brickwork    and 

^  the  whiteness  of   the   i  bich    indicates   quite 

closely  the  temperature  within  the  oven.     It  is  always  best 
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to  have  two  or  more  men  responsible  for  these  temperature 
observations,  as  the  eyes  of  one  man  may  occasionally 
change  and  eventually  lose  their  power  to  observe  the  tem- 
perature accurately. 

The  Le  Chatelier  pyrometer  consists  of  a  wire  of  plati- 
num and  another  wire  of  an  alloy  of  platinum  and  10  per 
cent,  of  rhodium.  These  wires  are  fused  together,  and  when 
the  joint  is  heated  a  current  of  electricity  is  produced  that 
is  proportional  in  strength  to  the  temperature  applied.  It 
is  necessary  therefore  simply  to  measure  the  current  of  elec- 
tricity with  a  galvanometer  suitably  calibrated.  As  it  takes 
only  a  few  seconds  to  take  the  reading,  the  instrument  is 
very  valuable  in  connection  with  a  malleable-iron  foundry. 

22.  Discharging  the  Ovens. — When  the  annealing 
process  is  complete  the  fire  is  shut  off,  the  oven  allowed  to 
stand  a  little  while  to  lose  the  intensity  of  the  heat,  and  the 
bricks  loosened  from  between  the  doors.     This  allows  cold 
air  to  enter,  and  reduces  the  temperature  sufficiently  to  allow 
the  doors  to  be  taken  away  in  about  12  hours  after  shutting 
off  the  fire.     The  pots  may   now   be  taken  out  slowly  and 
stacked  in  long  rows,  where  the  contents  may  be  dumped  out 
conveniently,  the  charging  truck  being  used  for  this  purpose. 

23.  Shaking  Out  the  Pots.— When  the  pots  are  cold 
enough  to  dump,  the  clay  and  sand  luting,  if  any  is  used,  is 
carefully  removed  so  as  not  to  contaminate  the  scale;  the 
pots  are  generally  tilted  over  by  means  of  a  crowbar  and 
hammered  to  break  off  the  flakes  of  scale  that  may  adhere 
to  them.     The  pots  are  then  removed  and  placed  where  a 
new  lot  of  castings  can  be  packed  into  them,  and  the  annealed 
castings  carefully  picked  out   of  the  scale.     The   hammer 
must  frequently  be  used  to  free  the  castings  from  the  scale, 
as  they  are  often  baked  together  quite  firmly  and  the  holes 
filled  up  with  burned  scale.     When  the  castings  have  been 
picked  out,  they  are  removed  to  the  cleaning  department. 

A  more  convenient  method  is  to  raise  the  pots  with  an  air 
hoist,  and  to  rap  them  on  the  side  with  a  heavy  hammer  until 
the  scale  becomes  loosened  and  the  scale  and  castings  fall  out 
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2-1.      I>i»|>«miii..M    ..i    ^.ixi  inu^  .iiul  Packing    Mate- 

mall    cas  ale,    as   they  come  from  the 

annealing   pots,  are  ft  nt  directly  into  a  coarse 

tumbling  barrel   with   perforated  .1   tumbled   until 

the  md  only  the  castings  remain. 

:»   out  of  the   annealing  pots  into 
boxes,  fn>m  which  they  are  emptied  into  the  tum- 
bling barrels. 

When  the  seal*  pal  into  tumbling  barrels  with  the 

castr  reened  in  a  coarse  revolving  screen 

mt<»  whi  l>ern   placed.      These 

k  up  the  lumps  and  cause  the  scale  to  pass  through  the 
;rs  of  the  screen.     A  v  castings  are  also  caught 

by  this  process.  In  some  foundries  the  scale  is  spread, 
wetted  down  with  sal-ammoi.  r,  an«l  allowed  to  rust 

over  night;  the  next  day  it  is  used  to  pack  a  new  lot  of  hard 
castings.  In  many  large  foundries  the  use  of  sal-ammoniac 
water  has,  however,  been  discontinued,  but  wrought-iron  or 
steel  borings  are  added  to  the  scale,  in  order  to  keep  it  rich 

prevent  its  sticking  to  the  casting. 


01        \\M.\II    li 


|fl     ^..n   i  u.nMio-.     [t  is  necessary  after  the  casting! 

in   the  annealing   room  to  tumble  them  in  order  to 

adhere  to  them.     Since,  . 

annealing,  tl  ^  are  commonly  said  t<>  l>e  soft,    this 

-..n   iiinihliiiv:.       I     '    Mmplesl    method  of 

tumbling.  ni  tumbling  barrels,  add  a 

•  •ali-d  castings,  and  let 

the  whole  revolve  until  the  work  ii  nd   polished.  The 

ami*  es  of  scr  i  ,-st  jilu^s  IT.  .k«-n 

'Die  temper  carbon  an.: 

.  ;..  pol 

The  ttimblu  ••  continued  too  long,  i 

iers  are  rounded  too  much,  which  makes 
.1  unsalal 
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Generally  the  soft-tumbling  room  is  separate  from  the  hard- 
tumbling  room;  when,  however,  a  foundry  is  crowded  with 
orders  the  work  is  adjusted  between  the  two  as  may  be 
most  convenient.  When  this  is  done,  great  care  must  be 
taken  to  keep  the  hard  and  soft  castings  separate,  as  the 
average  man  cannot  distinguish  between  an  annealed  and  a 
hard  casting,  and  unannealed  work  is  therefore  sometimes 
shipped  and  used  with  disastrous  consequences.  Annealed 
castings  are  also  sometimes  annealed  over  again.  Continued 
practice  will,  however,  in  time  enable  the  annealing-room 
men  to  distinguish  between  the  two  kinds. 

When  the  castings  are  rather  delicate,  blocks  of  wood  are 
thrown  into  the  barrels  to  protect  the  castings  in  a  measure 
from  being  bent  and  pounded  out  of  shape.  Very  light 
castings  that  are  to  be  polished  or  plated  must  receive 
special  care.  When  they  are  to  be  highly  polished  in  the 
tumbling  barrels,  only  a  part  of  the  pieces  of  soft  iron  ordi- 
narily used  are  put  in  the  barrel,  but  with  these  are  put 
pieces  of  leather,  old  shoes,  and  similar  materials.  This 
produces  a  polish  that  resembles  that  of  work  which  has 
been  specially  buffed  piece  by  piece;  small  buckles  for 
straps,  pistol  parts,  general  hardware,  etc.,  are  finished  for 
the  makers  in  this  way. 

26.  Finishing  and  Assorting. —  Where  specialties 
are  made  of  light  work,  considerable  special  machinery 
may  be  introduced  advantageously  for  the  purpose  of  pol- 
ishing, assorting,  and  handling  the  work.  The  form 
of  the  specialty  will  usually  readily  enable  one  to  decide 
where  and  how  such  special  machinery  can  be  used 
economically. 

This  class  of  work  should  need  no  grinding;  all  gates 
should  be  trimmed  off  nicely  before  annealing.  If,  however, 
this  has  been  neglected,  the  castings  must  be  ground  and 
chipped  before  they  are  assorted.  If  there  are  parts  of 
gates  that  were  not  completely  chipped  off  when  the  casting 
was  hard,  it  must  be  done  now.  If  the  molder  has  rapped 
the  pattern  too  hard  and  the  casting  is  therefore  too  long, 
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part  of  it  must   be  ground  off.     It  is  therefore  necessary 

to  have  a  grinding  room  for  annealed  castings.     A  large 

.    however,   always  a  sign  of  laxity  in 

shop,    foundry,    <>r    trimming    and    inspecting 

room. 

T\\  -I  emery  grinding  wheels  should  be  provided, 

some  l  of   medium   site,      The   large 

wheels  are  preferably  of    the  variety   provided    with   large 

.1    work    tin-   wheels  should    be 
m.iir  Mibstant  very  heavy  u 

•.mis   are  preferable,   as   they  tend   to 

decrease  the   vibration.     Two   wheels  may  be   mounted   on 
;  grinding  head,  thus  economizing  in  both  space  and  cost 
of  machinery.     The  speed  should  be  high  enough  to  do 
cutting.      Medm:  wheels  give  the  best  results ;   hard 

wheels  glaze  so  rapidly  that  they  must  be  dressed  too  ot 
The  wheels  should   not  be  used  until  the  diameters  are  too 
small,  for  the  rutting  speed  is  reduced   to  such  an  extent 
that  >t  ground  «>(T  freely,  and  a  new  wheel  will 

soon  pay  m  the  greater  amoiu  that  «  an  be 

done  with  it  in  the  same  time. 

When  wheels  with  rubber  as  a  binding  medium  for  the 
emery  are  used,  special  care  must  be  taken  to  clean  the  dust 
the  wooden  girders  of  the  grinding  n><  -m.  for  any  leak- 
age of  t:  liable  t"  rust  the  fine  iron  dust  so  rapidly 
that  a  red  h-  -duced,  thus  igniting  the  particles  of 
rubber  in  the  dust  and  burning  the  buildings. 

i  the  grinding  department  the  castings  goto 

the    ehippiiu;  'liii^    department.        Men-    all    tin- 

large    t<>  md    holes    left 

imperfect    by   bad  cores  are  cleaned  out   and    if   ne« 
drif1  --with  specially  constructed  tools.     A  number 

•his  purpose. 

the  chipper  and  placed  on  the 

vhen  finished  they  are  thrown  on  a  pile  on  the  floor. 
d>le  bin  tent  kin  -t ings  are 

a  great  nee  and  save  a  large  amount  of  tin 
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filling  orders.  Occasionally  it  is  found  cheaper  to  drill  some 
holes  than  to  core  them  out;  when  this  is  the  case  they  are 
drilled  in  the  finishing  room,  one  or  more  drilling  machines 
usually  being  provided  for  this  purpose.  Then  again  a  cast- 
ing may  come  from  the  foundry  with  large  lumps  of  iron  on 
it  that  could  not  safely  be  trimmed  off  before  annealing, 
owing  to  the  danger  of  injuring  the  casting;  for  this  class 
of  work  a  shaper  is  very  serviceable  and  should  be  included 
in  the  finishing-room  equipment.  If,  however,  the  cost  of  fin- 
ishing such  castings  is  greater  than  the  cost  of  a  new  mold, 
the  casting  should  not  be  allowed  to  go  to  the  annealing  oven. 
A  small  drop  hammer  should  also  be  provided  for  straight- 
ening castings  that  have  become  warped  in  annealing.  The 
straightening  should  always  be  done  cold  if  the  casting  will 
stand  it,  although  if  necessary  it  may  be  heated  gently. 
Great  care  should,  however,  be  taken  if  it  is  heated,  as  the 
strength  is  liable  to  be  injured.  The  straightening  may  be 
done  by  means  of  suitable  forms  made  of  gray  iron,  or  if  the 
quantity  warrants  it,  a  drop  hammer  furnished  with  suita- 
ble dies  may  be  used.  It  is  often  cheaper,  when  a  bent 
piece  is  required  in  large  quantities,  to  cast  it  flat  and  bend 
it  afterwards  on  a  form;  this  is  frequently  done  in  making 
brake-shoe  keys,  the  levers  for  air-brake  cocks,  etc. 

28.  Inspection  of  Test  Plugs.— In  order  to  test  the 
quality  of  the  iron  after  it  is  annealed,  test  pieces,  generally 
called  test  plugs,  which  are  simply  small  projections,  about 
£  in.  X  £  in.  X  1  in.  long,  are  cast  on  the  more  important 
work.  Sometimes  two  or  three  of  these  are  located  in  crit- 
ical places.  In  railroad  couplers  especially,  their  constant 
use  is  important,  as  underannealed  or  overannealed  or  other- 
wise undesirable  work  can  be  thrown  out.  These  test  pieces 
are  all  removed  in  the  chipping  room,  and  the  fracture  is 
carefully  inspected.  The  normal  fracture  should  have  a 
black  velvety  surface  in  the  interior  surrounded  by  a  band 
of  dark  gray  about  ^  inch  thick,  and  this  in  turn  is  incased 
in  a  band  of  white  not  more  than  -fa  inch  thick.  If  this  band 
of  white  is  thicker,  it  is  an  indication  that  the  hard  casting 
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is  too  low  in  silicon,  commonly  said  to  be  top   "lr. 

:tjon 

dun  If  tne 

ii    thick,,  the 
no  longer  sa 

.1  becomes  thick  the  gray  band  di-. 
is  the  i  • 

^kin.  regularly  formed  and   tl  more  open  t- 

loss  of  carbon.     The  intei  ilizcd  in  the  hard 

ng,  but  "  every 


i.  ustrates  the  arrangement  of  the  cryst 

aled  piece  always  ha*  tome  white 
which    look    like    flakes,    radi- 
fioni   the  center.      Thes« 
^.•inetiines  shrinkage  .spots,   bir 

-•  |»;irati'>n  due 

to  the  high  contraction  found  in  tin- 
white  casting.  In  Fig.  21  these 
pi.  -eparatinn  are  illustrated 

Pio.  ».  in   exaggerate!    form.       l:i^.    \»  1    (/;) 

shows  a  sect  .'1    (a),  in   the  cent< 

which  the  white   spots  are   shown.      A   shrinkage  spot    is 
always    spongy;  DCS  9 

the  whole  casting  i>  on«  mass 


of  spongy  in  itni.il  with  only        |   I    I  I   I 


(a) 


I  I 


(b) 


the  sk  '1   yet   has 

a  UM  --ngth    e(}ual   to 

PIO.  si. 
the    best    malleable    n 

Close  investi:  ill  always  show  some  small  openings  in 

thr  •  \\\x   with    tl"  r,    whii-h 

•    a    o.mpletr   d«-carl>ojii/ation    of    this   material. 
v  piece  of  wrought  inm  or 
.veil  but  will  not  \ 

Heal. lr  mixtures  changes 

»hr  •  ably,  the  Mat  k  befog  changed 

to  a  granular  dark  gray  ••  showing  a  considerable 
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tearing  apart  of  the  crystals.  Such  a  piece  of  malleable 
iron  may  be  excellent. 

A  piece  of  malleable  iron  that  shows  a  dull  gray,  often 
colored,  and  a  banded  structure,  was  nearly  gray  iron  when 
it  went  into  the  annealing  oven.  This  kind  of  metal  is  to  be 
feared  more  than  any  other  met  with  in  the  malleable-iron 
industry,  as  it  is  weak  and  worthless. 

When  the  fractures  are  white,  trouble  may  be  experienced 
in  locating  the  difficulty.  If  there  are  blowholes,  the  iron 
was  low  in  silicon  and  burned  in  the  furnace  before  it  went 
to  the  annealing  oven.  Yet  this  iron  if  not  too  badly 
burned  will  be  stronger  than  cast  iron.  If  the  structure 
resembles  Fig.  20,  the  chances  are  that  it  is  underannealed, 
and  may  be  saved  by  returning  it  to  the  annealing  oven. 
If,  however,  there  are  distinct  flat  crystals  with  shiny  smooth 
faces,  the  iron  was  burned  in  the  annealing  oven  and  will 
remain  worthless. 

A  casting  is  very  often  almost  entirely  white  but  has  a 
black  spot  in  the  center;  this  is  an  indication  of  excessive 
annealing.  If  the  white  structure  appears  on  one  side  only, 
the  remainder  being  black,  it  is  an  indication  that  the  iron 
is  either  very  strong,  or  that  too 

heavy  a  blow  was  struck  in  breaking  J« 

off  the  test  plug.   Fig.  22  (tf)  shows  a    HHB 
piece  partially  broken  off,  the  blows 
being  struck  in   the  direction  indi- 
cated by  the  arrow  a.     Breaking  the  j|   (a) 
piece  off  partially  by  repeated  light 
blows,  and  then  suddenly  knocking 

it  off  will  produce  a  white  band,  as  shown  in  Fig.  22  (£), 
where  the  crystals  did  not  have  time  to  pull  apart,  but  were 
suddenly  snapped  through  in  the  middle.  This  often 
accounts  for  apparently  bad  test  plugs  when  the  iron  is  per- 
fectly good. 

It  is  always  advisable  to  preserve  samples  of  bad  work  in 
order  to  study  the  effects  of  certain  conditions,  and  as  the 
workman  gathers  these  specimens,  which  were  made  with 
the  greatest  care,  he  will  get  an  insight  into  the  peculiar 

53B  -16 
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nature  of  malleable  iron   that   will  be  of  very  gn 
t"  him. 

..      bMpoettofl    -"..I    *M,.I-. me    ,,r  C.iMiiiu^.      When 
the  castings  are  finished  they  are  finally  in 
the  makers  or  by  the  buyer's   repres-  When 

dime  -f    the   castings   must    lie   within   certain   lii 

they  are  usually  tested,  by   means  of  gauges  and    li  in; 
in  the  chipping  room  whei  ededcon  an  imme- 

ly  l)e  made.     Th<  tlytothe 

warehouse,  or  are  covered  with  a  coat  of  asphalt  dissolved 
in  benzine.     In   railroad  work  illy,  such  a  coatii 

it  keeps  the   mat.  »nably  free  from  ni>t 

until  must  be  taken   in  storing    the  ben/.n 

well  as   in   usin-    it,  |  extremely   inflammable.      The 

with  bn:  i  dries  very  quickly. 

The  warehouse  should  be  so  arranged  that  a  stuck 
ings  may  be  stored  for  a  reasonable   length  of  time.     Some 
•  rns  make  it  a  rule  to  keep  in  stock  about  : 
:ch  kind  that  is  in  constant  demand,  in  order  to  be  able 
to  fill  all  orders  promptly. 

;il .      Xnnciiicil  Teat  Pieces. — In  the  annealing  room 
good  hard  castings  may  be  spoiled.     The  annealer  therefore 

has   cast  for  his  own 

••r- "  \  B  I       *"*",*          •"*•  i     use  and  jjuid.. 

cial  test  wedges  about 
1  inch  square,  and   <>f 

the  f  -i  which  are  cast   identification 

mar'r  ;<>us  heats.      Thus  a  test  piece  annealed  in 

furnace  No.  X,  the  sec  t,  the  lir  •  ,d  whicl 

ked  as  shown  in   the   illustration. 
>c  wedges  arc  broken  by  t 

tility.      I:  il.-ndent's  office, 

:ey  are  arranged  in  «  .perly   dated.     About 

•  dly    kept   on    hand.      An    excellent 

'•  whereby  the  work-in  melting  furna-  el  may  be 

hed,  defective  ir«  An   by  a 

fracture. 
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32.  Recent  Developments  in 
Equipment. — Some  of  the  most  recent  developments  in 
annealing-oven  construction  present  novel  features.  Instead 
of  building  the  ovens  above  ground,  and  charging  with 
trucks,  they  have  in  one  instance  been  sunk  below  the  flour 
level  and  the  charging  done  with  electric  traveling  cranes. 
There  are  no  doors,  the  roofs  of  the  ovens  being  removed  in 
sections  by  the  crane  for  the  purpose  of  charging,  and  put  on 
again  in  the  same  way  when  the  charging  is  finished.  The 
work  of  about  6  or  8  men  is  thus  done  by  1  man  at  the  oven 
and  a  boy  on  the  crane.  The  ovens  are  practically  soaking 
pits;  there  is  little  loss  of  heat  by  radiation,  there  are  very 
few  buckstaves  and  tie-rods  required,  and  the  construction 
itself  is  very  simple  and  inexpensive.  No  tiles  need  be  used 
upon  the  floors,  common  No.  2  firebrick  being  sufficiently 
durable  for  this  purpose,  as  there  is  no  wear  on  them  from  a 
rolling  truck.  The  flues  in  the  bottom  are  arranged  as  in 
the  ovens  described,  and  the  side  walls  are  the  same,  but 
the  end  walls  are  carried  higher  to  close  up  the  ends  of  the 


FIG 


arched  roof,  as  shown  in  Fig.  24,  in  which  a,  a,  a  are  the 
sections  of  the  roof,  b  the  side  walls,  and  c,  c  the  end  walls. 
The  roof,  an  end  view  of  which  is  shown  in  Fig.  25,  is  the 
most  important  part  of  the  oven  construction.  The  sections 
consist  of  three  deck  beams  a,  Fig.  25,  of  a  high  type,  bent  in 
an  arc  of  a  circle  and  suitably  connected  together  and 
attached  to  cast-iron  heels  b,  b,  so  that  a  9-inch  brick  arch, 
made  of  suitable  arch  brick,  can  be  built  within  the  structure 
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*&  shown.    There  are  three  of  these  sections  in  t  i 
are  placed  close  together,  and  the  spaces  divided  between 
the  end  section  and  the  two  end  walU.     The  s. 
roof  are  made  a  1  rower  than  t  they  are  to 

occupy,   thus  making  provision    for    expansion    during    the 
heating.     The  j«  roof  are  all  covered  with  fire- 

brick laid  in  mud,  and  as  the  ovens  heat  and  expand,  the 
joints  must  be  watched  and  repaired,  if  necessary,  to  prevent 


Pro.  M, 

leakage.     It  will  readily  be  seen  that  it  is  an  easy  matter  to 
11    <>nc  furnace   while   almost   red   hot  and 
••  it  on  an<»tht-r  <»n<-  that  is  just  t<>  he  lighted.     Th« 
•  prrrial.  .de  thereby  in  the  time  required  for 

•iK-      W  ;ed  to  move  a  section  ..f   the 

the  Cl  tintO  tlieeye  f  attached  t<>  the 

middle   i  he  roof  frame,  and  t  n   carried   to 

the  desired  place.     For  the  purpose  of  building  and   repair- 
ing these  roof  se<  \vooden  form   is  kept    in  a  suitable 

• ,  accessible 

plao  Wells  are  provided  on  the 

1^  "f  th»  irge  enough  to  permit  a  man  to  enter 

>ers,  and  to  make  the  temperature  tests 
through  the  peep  holes. 
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Forty  of  these  ovens  have  been  built  in  one  set,  two  rows 
with  twenty  ovens  in  each  being  placed  back  to  back.  Two 
chimneys  carry  off  the  burned  gases.  Natural  gas  is  used  as 
a  fuel,  two  sets  of  burners  being  placed  above  the  pots  and 
directly  into  the  side  walls,  without  fireboxes.  The  ovens 
have  interior  dimensions  of  10  ft.  X  20  ft.  X  8  ft.,  being 
measured  to  the  heel  of  the  roof  sections. 

33.  The  traveling  crane  is  kept  in  operation  continually, 
day  and  night.  The  device  used  in  lifting  and  carrying  the 
pots  by  means  of  the  traveling  crane,  called 
a  lifting  frame,  is  shown  in  Fig.  26.  The 
crane  hook  is  hooked  in  the  eye  a,  and  the 
two  arms  b,  b,  which  are  hinged  at  <:,  are 
lowered  over  the  sides  of  the  pot  and  under 
the  projections  on  the  ends  of  the  stool. 
There  are  two.  of  these,  one  with  the  distance 
between  the  arms  a  little  greater  than  the 
length  of  the  stool  of  the  annealing  pot  and 
the  other  a  little  less.  In  charging  an  oven,  the  wider  one 
is  used,  it  being  placed  over  the  finished  pot  and  the  hori- 
zontal parts  of  the  arms  pushed  toward  each  other  until 
they  catch  securely  under  the  edges  of  the  stool  and  the  pot 
lifted  by  means  of  the  crane  and  carried  over  to  the  oven. 
The  man  in  charge  of  the  work  in  the  meantime  goes  over 
to  the  oven  to  direct  the  lowering  operation.  When  the  pot 
is  deposited  in  its  proper  place  the  lifting  frame  is  lowered 
until  the  two  arms  are  free  to  swing  clear  of  the  pot.  The 
frame  is  then  raised  by  means  of  the  crane,  and  carried  back 
for  the  next  pot,  taking  the  man  with  it.  In  discharging 
the  oven,  the  other  lifting  frame  is  used.  In  dropping  down 
over  the  pot,  the  arms  must  first  be  pushed  apart  a  little. 
When  they  reach  the  bottom,  they  close  automatically,  catch- 
ing the  projecting  lips  of  the  stool,  thus  permitting  the  pot 
to  be  raised.  It  is  understood,  of  course,  that  occasionally 
there  will  be  some  difficulty  with  a  swelled  or  broken  pot. 
In  this  case  the  lifting  arms  are  taken  off  the  cross-shaped 
frame  d  and  chains  substituted  therefor.  These  are  flexible 
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enough  to  ailjust  themselves  properly  under   tin-  stool 

:ie  whole  ;  l>e  raised.      When  the  pots  arc  still 

hoi.  -d  with  a  suitable  handle  will  be  of  great  a- 

ance  in  guiding  the  lit  ;ne  over  the  pot. 


II    \\iois     I'miLi.^LS    AND 

i  01  ii'Mi  NT. 

;;  I.       l/i  he. H  in"     .ind     the      l/chcalinu     loio;icc. 

lion  and  complicated 

internal    strains   upon  cooling 
arc  liable   to  crack,  it  allowed  to  cool  in  tin-  usual 

haken  out   of  th< 

i  as  possible  a:  -in-,  allowing  the  sand  to 

ther  vent    rapid   cooling   while    expo><-d   t«»  the 

.ilc   still  red  hot  be  placed  in  a  n  ; 
whose   interi*  >r    has  been   raised   to  a  red  heat 
re  the  molten  in  q>ped  from  the  malleable  fur- 

nace.    The  castings  should  be  kept  h«.t    t  :;  hours. 

:  e  is  allov  .  .1  d«-wn  very  slowly: 

whr-n  sufficienily  cooled  the  castings  and  loose  sand  may  be 

Tli-  119   pur|)ose  is  very   simple,   < 

;g    usually   Ol  running   alon^    the    side  0 

•n   whieli    the  castings  are    placed,  both    the   hearth 

•n    the    ground.       The 

fuel    usrd   may   I-  Of   COal,      Coal    will,  i 

i'lirr  a  !  :eat  the  furnace  thai. 

other  fit* 

i/')  shows  a   furnace  constructed 

ptirpose  of  biirm  in   which  <i  is  the  fin 

b  the  hearth  d,  C  a  low  b: 

•   .     •  door,  g  the  char- 

•    •     hiinney  H  17 1  i  i"M 

W  ('/).     The  jjrratc,/  is  place. 1  snlli. -i.-ntly 

'•   the  requin-d   dej.th   of    the  furl 

bed;  the  l>ridge  wall  c  is  made,  high  enough  to  prevent  the 
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castings  from  rolling  into  the  fire,  and  the  chimney  flm-  // 
is  raised  somewhat  above  the  level  of  the  hearth  to  prevent 
the  loose  sand  from  choking  up  the  flue.  A  damper  should 


(a) 


FIG.  27. 


be  used  in  the  chimney  flue,  so  that  it  may  be  closed  in 
order  to  retain  the  heat  in  the  furnace  and  allow  it  to  cool 
very  slowly. 

This  form  of  furnace  is  also  sometimes  used  to  heat 
castings  that  have  become  warped  in  the  annealing  process 
and  cannot  be  straightened  cold.  Very  great  care  must, 
however,  be  taken  when  this  is  done  to  prevent  the  tem- 
perature from  becoming  excessively  high,  as  this  tends  to 
destroy  the  strength  of  annealed  castings  and  renders  them 
hard  to  machine. 

35.  Special  Annealing  Processes.  —  In  one  well- 
known  foundry  that  makes  malleable  pipe  fittings,  the  hard 
castings  are  simply  thrown  into  the  oven  and  annealed 
without  any  packing  whatever.  The  temperature  is  kept 
high,  but  the  process  is  necessarily  short,  as  the  castings 
heat  up  quickly  and  are  of  such  a  nature  that  they  do  not 
warp  during  the  process.  Subsequent  rolling  in  a  long 
inclined  tumbling  barrel  produces  a  good  finish.  The  proc- 
ess while  good  for  this  class  of  work  is  not  to  be  recom- 
mended generally. 

In  another  foundry  the  ovens  and  the  pots  are  made  large, 
and  in  order  to  obtain  a  quick  penetration  of  the  annealing 
heat,  pieces  of  pipe,  which  extend  through  the  stool  and 
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cover,  arc  inserted  in  the  pots,  thus  creating  a  circul. 
of  the  hot  gases  not  te  •  •:•{.  lin.ibie.     This  n 

M-  tor  lar^f.  Hat  castings  of  favorable  design. 
ethod  of  annealing  is  practiced   in  one  of  the 
large  works  of   this  country.     The   ovens  are   made  very 
*w  and  the  castings  packed  in  them  in  scale,  without 
the  use  of  p-  ages  and 

advantages.  There  is  danger  of  imperfect  heating  and 
annealing,  and  when  overheated  the  castings  are  liable  to 
be  warped  or  ^hoidd  therefore  U-  used  only 

for  heavy  cast!  iu  re   not   liable  to  be  warped  in  the 

annealing  process.     The  <  of  the  oven  also  is  li;; 

and  the  amount  of  fuel  used  excessive.     On  the  other  i 
the  great  expense  of  annealing  pot  rely  avoided. 


i  iring*  —  In  annealing  as  well  as  melting  practice, 
the  chimney  is  .a  good  guide  as  to  what  is  going  on  in  the 
furnaces.  It  im<>n  error  of  melters  and  anneaU  : 

use  too  much  furl  in   the  desire  to  get  up  a   good    heat. 

too  much  coal  or  gas, 
I,  but  burn   it   <  ..inplelely.      When 

the  MDOke  thai    1<  darker    than   a   light 

brown,   r  tei    that    the   combust  j,,u  is  incomplete   and 

gas  or  coal  is  burned  usele^K       The  only  exceptions  to  this 
rule  are  at  the  moment  when   the  direction  of   air   and 
is  reversed  in  the  irth  furnace,  ami  in  start  in-  up  of 

an  annealing  oven.     The  superintendent,  foreman,  mel 
and  '  tantly    watch   the    chimneys 

mplete  combustion. 


.     «...!%.  i,  lixi.m.     «      bain  classes  of.  malleable  < 

•ice,  are  frequently  galvanized. 

ices  the  stren  iMy. 

-mid  th-  -ed  only  when  the  protection 

"f    t!  '  ml     than    tin- 

mixing  malleable 

Lin  same  as  that  used  in  galvanizing  ordinary  gray 
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MAKING  BRASS  CASTINGS. 


MOLD    MAKING. 

INTRODUCTION. 

1.  Iron  and  Brass  Molds  Compared. — The  making 
of  molds  for  brass  castings  is  so  similar  in  principle  and 
practice  to  the  making  of  molds  for  iron  castings  that  he  who 
understands  making  them  for  iron  can  readily  learn  to  make 
them  for  brass;  and,  in  some  kinds  of  brass  work,  the  iron 
molder  may  be  more  successful  than  the  regular  brass  molder. 

Molds  for  small  brass  castings  are  made  on  benches  or 
over  troughs,  or  on  molding  machines,  while  heavy  castings 
are  made  on  the  floor,  as  is  done  with  corresponding  sizes  of 
iron  castings.  The  principal  difference  between  molds  for 
brass  and  for  iron  is  that  the  brass-work  molds  are  made 
from  finer  grades  of  sand.  The  lighter  and  finer  the  cast- 
ings to  be  made,  the  finer  must  be  the  grade  of  sand  used  in 
the  molds.  If  the  sand  is  too  coarse,  the  melted  brass  is 
sufficiently  fluid  to  find  its  way  into  the  openings  among  the 
grains,  making  the  surface  of  the  casting  rough  and  pitted ; 
hence,  it  is  advisable  to  use  the  finest  grade  of  sand  that  the 
character  of  the  casting  will  permit.  In  addition  to  finer 
and  cleaner  sand,  brass  molding  requires  a  greater  allow- 
ance for  contraction,  different  facings,  parting  sand,  and 
finishings,  and  about  the  same  blackening  mixtures  and 
methods  of  drying  and  ventilating  as  in  iron  molding. 

§54 
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Bronze,  fine  art,  statue  founding,  etc.  is  a  specific  trade 
in  itself,  >t  within  the  province  of  the  brass  molder, 

as  outlined  in  this  Section. 


MATERIALS  USED  IN   BRASS  MOI.IHNC. 

2.    S«H<I  fbc   lii.i--  Work.—  Where  light  castings  are 

made  only  occasionally  aiul  art-  QOt  if  «>utj)iit  of  the 

shop,  the  molds  for   them   may  be  made   in   the  follo\\ 
manner:    The  co.i  1  ordinarily  used  in  iron  molding 

.uul  tlu-n    sifted   through   a    tine  sieve, 
•onion  that  does  not  pass  through   being  cast 
The  j*>rtion  that  does  pass  through  is  then  tempered, 
used  to  face  the  mold  by  being  sifted  over  the  pattern;  the 
remainder  of  the  mold  may  be  made  from  the  sand  ordi- 
narily used. 

It  'to  have  the  molding  sand  as  free  from  all 

ts  is  possible,  f«»r  any  thing  that  will  coa 
-and  will  tend  to  give  a  rough  surtax    to  the  ras; 
Brass  founders  are  vc  dar  in  this  r 

of  cores  that   may  break  off  are  can-fully  picked  out  of  th< 
ing  sand;  some  founders  even  avoid  the  use  of  the  reg- 
ular -and,  and  us-  tead  powdered  rosin,  or  a 

1,  on  the  joints  of  the  molds 

It'   the  the    casting   is  so   intricate   as  to  make  it 

ic  green  sand  suppm 

the    mold    is   so  deep 
that  the  green  sand  will  not  support  r  >ttoin,  it 

.  be  necessary  to  use  a  dry  -sand   mold  or  a  loam  mold. 
The  sand   mixt'  loam  work   should  !>«• 

'    •  '    su<  h   a  not    to 

hard,  as  this  will  ..-tal  to   l,,,d  when   the   mold  is 

;    besides,  :  -1  will  not  stay  in  with  the 

I,  so  th.it  Milt. 


.iii.l      l»ill  ti  ilys      toi 

ning  the  sin  • 
••  '•  loam  m*'  Iron  may  be  used  for  I 
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molding.  In  some  cases  skin  drying  is  practiced  for  brass 
as  well  as  for  iron.  The  principal  difference  is  that  instead 
of  using  ordinary  blackenings,  and  sleeking  and  printing  the 
molds,  as  in  iron  work,  other  substances,  such  as  flour, 
whiting,  lime,  water-lime  cement,  powdered  chalk,  and 
lycopode,  are  used.  Plumbago  is  used  for  heavy  brasses, 
especially  those  of  red  or  whitish  color,  but  is  objectionable 
for  yellow  brass.  Whichever  one  of  these  substances  is 
used,  it  should  be  ground  fine,  so  as  to  close  up  the  pores  of 
the  sand  as  much  as  possible  in  order  to  prevent  the  metal 
cutting  into  the  sand  and  giving  a  rough  casting.  For 
heavy  work,  flour  is  shaken  out  of  a  bag  on  the  mold  sur- 
face, and  then  plumbago  thrown  by  hand  or  shaken  out  of 
a  bag  on  top  of  the  flour,  after  which  the  surface  is  sleeked 
with  finishing  tools  similar  to  those  used  in  finishing  dry 
blackening  on  iron  molds.  Where  the  molds  are  liable  to 
stand  for  more  than  10  hours  before  being  poured,  flour  is 
objectionable  for  the  reason  that  it  causes  a  vegetable 
growth  on  the  face  of  the  mold  that  may  cause  rough  cast- 
ings; it  also  causes  the  parts  of  the  joint  to  stick  together. 

The  joints  in  the  molds  are  made  by  match  boards,  plates, 
sand  odd-sides,  or  composition  matches,  as  in  the  molds  for 
iron;  but  great  care  must  be  used  in  the  selection  of  a  part- 
ing sand  to  find  a  material  that  will  not  coarsen  the  regular 
molding  sand  when  mixed  with  it,  since  the  ordinary  parting 
sand  will  give  trouble  in  this  respect. 

For  a  parting  material  at  the  joints,  powdered  rosin,  or  a 
mixture  of  powdered  rosin  and  charcoal  dust,  is  often  used. 
A  material  lately  introduced  for  this  purpose,  called  lyco- 
pode, is  said  to  work  well,  and  besides  makes  a  good  facing 
for  preventing  the  adhesion  of  the  sand  to  the  pattern. 
Much  trouble  is  experienced  at  times  by  sand  adhering  to 
the  surfaces  of  metal  patterns,  especially  in  damp  or  frosty 
weather,  when  the  moisture  in  the  air  condenses  on  the 
metallic  surfaces.  The  molders  then  say  that  the  patterns 
are  sweating.  Some  molders  brush  kerosene  oil  over  the 
surfaces  in  order  to  prevent  this  adhesion,  but  this  plan  is 
not  entirely  satisfactory. 
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MAKING  MOLDS  FOR  BKABS  i   VOTINGS. 

I.      Mixing  Facing*   lor   MohK.      In    mixing  far: 
for  brass  castings,  sea  coal  or  cok<  .-quired,  as  is  the 

case  with  iron  castings.  New  molding  sand  that  h..s  been 
carefully  screened  and  mixed  to  an  even  temper  is  generally 
used.  This  is  applied  to  the  face  of  the  pattern  through  a 
fine  sieve.  In  tempering,  the  same  principles  hold  as  with 
sand  used  for  the  sand  should  be  thor.>i: 

mixed.  The  drier  it  is  wlu-n  placed  in  the  mold,  the  better; 
since  an  excess  of  m-<  II  make  strain,  and  thus  « 

scabs  and  blowing,  in  the  >  -HUT  as  occurs  when  pour- 

ing iron  castings.     Them-  unmed  to  about  the 

degree  of  firmness  in  both  cases. 

5.      Vcntiiii;    Moliln.  —  The  methods  of  venting  arc,  in 
gen<  brass  work  as  for  iron,  though  the  cope 

should  be  vented  more  freely  in  the  former  case,  so  a 
allow  an  easy  es<  -he  end.  and  gases  during 

the  pouring,  thus   allowing    th«-    metal    to   run    quickly    and 

Small    vent    holes  are   often  made 
•  :ns 


<>.      Mi  \inii    Mnhlx.  (mall    m.>lds  are  dried 

by  burning  g;  iher  times  they 

are  covered  with  a  red-hot  plate  until  the  li  i  the  sur- 

face a  ha'  k>m«   m-'lders  dry  the  sin  : 

mold   by  holding  B  burning   lamp,  which   also  s« 

the  purpose  of  smoking  it.      The  same  objeet   may  also  be 
accomplished   by  holding   the  niol.i  burning 

The  i:  i  by  placing  a  burning  ga 

inside,  and  then  covn  \er  with  a  plate.     With  some 

sand  Mecessary  rith    molasses 

wat'  in  the  neces^  urtace. 


7.     ProvtetoE    t.o    Contraotloo, 

I  that   "t" 

an  r  Where   •  in.  h  to 

the  '  ss  is  -r     i 
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fairly  uniform,  it  may  be  provided  for  in  making  the  pattern. 
If  metal  patterns  for  brass  are  to  be  made  from  wooden 
ones,  the  shrinkage  allowance  in  the  wood  patterns  should 
be  double  the  usual  allowance. 

In  dry-sand  or  loam  molding,  provision  should  be  made 
for  contraction  while  the  casting  is  cooling.  In  many  cases, 
if  this  provision  is  not  made,  the  casting  will  break.  This 
is  especially  likely  to  occur  where  the  brass  contains  a  large 
percentage  of  copper.  If  the  core  in  a  mold  is  made  in  such 
a  way  that  the  casting  as  it  contracts  in  cooling  cannot 
crush  it,  or  if  the  core  rods  running  from  one  side  of  the 
core  to  the  other  are  too  near  the  surface  and  will  not  give 
way,  the  casting  is  likely  to  break.  In  order  to  prevent 
this,  the  cores  should  always  be  made  in  such  a  manner  that 
they  will  yield  when  the  casting  contracts;  for  this  pur- 
pose they  may  be  filled  with  cinders,  or  they  may  be  made 
of  some  yielding  material.  This  advice  is  applicable  to  both 
dry-sand  molds  and  green- sand  molds. 

8.  Gating  and  Feeding  Molds. — Owing  to  the  fact 
that  brass,  if  it  drops  any  considerable  distance,  will  cut 
the  sand  in  a  mold,  and  thus  cause  lumps  or  scabs  on  a 
casting,  it  is  usually  better  to  gate  a  mold  for  a  heavy  cast- 
ing as  near  the  bottom  as  possible.  If  the  casting  is  deep, 
it  may  have  top-pouring  gates  in  connection  with  the  bottom 
gate. 

With  light  castings,  the  danger  of  cutting  the  mold  and 
of  scabbing  is  not  so  serious;  but  the  question  of  shaping 
the  gates  properly,  and 
of  so  placing  them  that 
the  casting  will  be  full 
and  sharp  at  the  cor- 
ners, is  important.  In 
order  to  aid  the  metal  ^  , 

in  filling  the  mold  prop-      _EH__ 

erly,  the  mold  is  often  Fl0-1- 

placed  in  an  inclined  position,  with  the  pouring  gate  a  at 

the  top,  as  shown  in  Fig.  1. 
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Where  the  castings  are  of  a  bulk 
generally  made  to  prc\  ;nkage;  t"«>r  iliis  pur|- 

is  bet  ect  them  with  tin- 

as    shown    by    t  h  c 
feede  :.    than    to    place 

thrm  (lit  D   the  top  face  of 

ihr  show  n     by    the 

feeder    b.       Alter    the    mold    has 
been  poured,  it  should  be  frd  0 
sionally  from  the  crucible  aa  the  metal  remains  fluid. 

••trrniinrd   by  thr  nirtal  in  thr    feeding  lira, 
i    fresh    nu-tal     is    poured    into    the    g 

A  wooden  feed  ing  rod  in  d  in  pouring  brass  molds, 

.i  rod.  as  used  in  iron  molding.       1 
should  br  thoroughly  dried. 

The  feeders  and  their  coin  hould  be  large  enough 

D   fluid  as  loiitf  as  the  casting  dors;  this  necr 
ti  as  much  in  brass  casting  as  in  i;  :ig. 


i  ;        '_• 


s   c  \sii\GS. 


CLI:\M\(, 

ii.  111.  i    \\OIL.  -    sand  is  removed  from 

brass  castings  by  means  and    files      The 

gates  and  feeders  are  re  i  ,    makii,.  A  ith  hack 

saws  ^C\B  toacl«-j)th  sutVn-imt  to  allow  these  parts  to 

be  broke  iiamnn-r.      A 

\e  are  cut 

I,  or  l>y  urindin^.      When  i 
thry  mu  illy  with  a  filr  <  .ird.       ] 

tid  several   other 
devices  are  also  empl 

:  ket  sevr:  itting  or 

gate  .MittitiK  machines,  as  well  as  power  band  saws  for  cut- 
ting off  gates. 
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10.  Tumbling   barrels  used  for  cleaning  brass  cast- 
ings are  made  with  wooden  staves,  to  avoid  breaking  the 
corners  of  the  castings,  and  also  are  often  arranged  to  hold 
water.     When  being  charged,  the  tumbling  barrel  should  be 
nearly  filled,  so  that  the  castings  may  not  tumble  about  too 
much  and  thus  bruise  theii;  corners;  small  scraps  and  floor 
shot  should  be  packed  in  with  the  charge,  as  they  assist  in 
cleaning  the  castings. 

11.  Pickling. — Brass  castings  are  pickled  in  nearly 
the  same  manner  as  iron  castings.     A  pickling  liquor  that  is 
sometimes  used  consists  of  2  parts,  by  measure,  of  nitric  acid 
and  3  parts  of  sulphuric  acid,  with  a  handful  of  table  salt  to 
each  quart,  no  water  being  added.     The  pickle  may  be  held 
in    any  suitable  receptacle,  such   as  a  glazed  earthenware 
crock,  or  a  vitrified  bathtub;  it  is  necessary  to  provide  a 
vessel  large  enough  to  hold  the  largest  casting  to  be  handled. 
The  castings  are  simply  dipped  and  removed  at  once  and 
rinsed  in  clear  water.     This  dip  is  merely  for  cleaning  and 
brightening  the  castings.     Various  dips  are  used  to  produce 
different  colors. 


APPLIANCES    FOR    MELTING    BRASS. 


THE  CRUCIBLE   FURNACE. 

12.  Introduction. — The  furnaces  for  brass  melting 
may  vary  from  a  plain  pipe  stuck  into  the  ground  and  sup- 
plied with  a  bottom  grate  and  a  stack  to  the  most  elaborate 
devices.  Some  brass  founders  use  air  furnaces,  while  others 
use  cupola  furnaces,  but  the  crucible  furnace  is  the  most 
common.  The  plain  cylinder  furnace  with  a  grate  and 
stack  that  can  be  worked  by  natural  draft,  or,  with  the 
stack  omitted,  by  forced  draft,  is  also.  used.  Some  patent 
furnaces  for  which  many  advantages  are  claimed  are  also 
in  use, 
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1  :t.     i  "v. i   oi    Hr;isH   I  urnace. — The  furnace  for 

melting  brass  is  usually  built  in  a  corner  of  the  shop,  it  it 
has  only  a  single  firebox;  but  if  there  are  several  furnaces 
built  in  a  battery,  they  are  placed  alongside  the  wall  where 
the  flues  can  be  connected  with  an  outside  chimney  or  stack. 
Thry  may  be  arranged  to  have  the  ash-pit  cither  inside  or 
;ile  the  shop  walls.  If  the  pit  is  on  the  inside,  it  is  usu- 
ally covered  with  grated  plates  and  has  the  opening  on  a 
level  with  the  floor  surface,  or  it  may  be  built  above  the 
floor  level  and  have  a  grated  front  for  the  admission  of  air. 
In  some  brass  foundries  the  furnaces  are  located  in  the 
center  of  the  building,  where  they  are  easy  of  access. 


14.     simple   lir;i^  IUIIKICC. — The  construction  of  a 
nl  in  pic  furnace  for  melting  brass  is  shown  in   Fig.  3.      It 


n...  a. 


lilt  Mow  the  floor  level  a  and  consists  of  a  sheet-iron 
•hell  b  lined  with  firebricks  c,  resting  on  a  bedplate  d,  and 
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fitted  with  a  cast-iron  cover  e.  The  covers  are  usually  pro- 
vided with  a  refractory  lining.  Two  bearing  bars/, /sup- 
port the  loose  grate  bars  g.  The  ash-pit  //  is  usually  from 
12  to  18  inches  deep.  The  products  of  combustion  pass 
through  a  flue  i  near  the  floor  line  a. 

The  flue  should  have  a  diameter  equal  to  about  one-third 
that  of  the  furnace  and  be  connected  to  a  chimney  or  flue 
that  has  an  area  at  least  as  great  as  its  own,  and  which  is 
high  enough  to  give  a  good  draft.  The  height  of  the  chimney 
will  depend  to  a  great  extent  on  the  surroundings.  The 
flue  i  should  be  lined  with  firebrick  or  fireclay  to  protect  the 
shell  k\  some  founders  use  a  cast-iron  pipe,  however,  for  a 
flue  and  renew  it  whenever  it  is  burned  away.  The  top  of 
the  furnace  is  generally  made  from  6  to  12  inches  above  the 
level  of  the  floor  line  a.  The  inside  diameter  of  the  lining 
is  generally  made  from  6  to  8  inches  larger  than  the  great- 
est diameter  of  the  largest  crucible  that  will  be  used. 
The  furnace  is  usually  made  of  such  a  height  that  the 
top  of  the  crucible  will  be  within  3  inches  of  the  bottom 
of  the  flue  *  when  there  is  about  9  inches  of  fuel  under  the 
crucible. 

The  grate  bars  g  have  a  considerable  influence  on  the  char- 
acter of  the  draft.  They  may  be  plain,  straight,  cast-iron, 
or  wrought-iron  bars;  or  the  grate  may  be  one  circular  cast- 
ing. If  made  of  separately  cast  bars,  it  is  well  to  have  lugs 
cast  near  their  ends,  to  keep  them  at  a  uniform  distance 
from  one  another,  since  this  allows  a  uniform  draft  to  pass 
through  the  fire,  and  gives  better  combustion  in  the 
furnace. 

15.  Brass  Furnaces  in  a  Battery. — Where  more 
than  one  crucible  furnace  is  required,  and  where  they  can 
be  connected  together,  all  the  flues  may  lead  to  one  main 
flue  that  connects  with  a  chimney  placed  midway  between 
the  furnaces ;  for,  if  the  chimney  is  at  one  end  of  the  row,  the 
furnace  that  is  farthest  away  may  suffer  for  lack  of  draft. 
The  main  flue  should  have  an  area  equal  to  the  combined 
area  of  the  flues  that  form  the  branches.  Where  natural 
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draft  is  depended  on,  every  care  should  be  taken  to  have  it 
as  good  as  is  possible  under  the  existing  conditions;  for,  if 
the  draft  is  light,  the  speed  of  melting  will  be  low  and  the 
quality  of  the  metal  poor. 

An  improved  furnace  that  is  used  in  the  brass  foundry  of 
one  of  the  largest  railways  in  the  United  States  is  shown  in 
Figs.  4  (a)  and  (£),  and  5  (a)  and  (b).  Fig.  4  (b)  shows  the 
end  elevation,  and  (a)  a  plan  with  sections  of  a  battery  of 
four  £urnaces«  The  furnace  consists  of  two  cast-iron 


FIG.  5. 


cylinders  a,  b,  Fig.  5  (a)  and  (b),  one  within  the  other  with  an 
air  space  between.  The  inner  one  is  lined  with  firebrick  c 
and  has  a  square  top  cover  d^  Fig.  4  (a),  with  a  circular 
door  e,  which  is  counterbalanced  by  means  of  a  chain  and 
weight/,  Fig.  4  (b).  The  covers  d  of  the  furnaces  with  the 
gratings  g  over  the  ash-pit  make  a  continuous  platform  on 
the  floor  level  h,  as  shown  in  Fig.  4  (b).  A  hinged  grate  i 
forms  the  bottom  of  the  inner  cylinder  and  a  spherical  door  k 
hinged  to  the  circular  bottom  casting  /  closes  the  bottom 
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of  the  outer  one,  as  shown  in  Fig.  5  (</).     The  whole  fur- 
nace is  support?*  I  .  »i  on  ]  ^ing  on 

-•1  of  tin-  ash-pit  flooi  .  ,\  ii  in 

Fig.  4  (b).     The  lower  door  k  is  held  securely  in   a  t 

by  a  hinged   prop  o  and  is  opened  and  closed  by 
mea-  lain  wound  on  the  shaft  of  a  hand  wheel  /»,  and 

a  ratchet  un<:  ,\  n  in  l-'i-.  ,')  (,/).      The  bottom  /•  is 

bowl-shaped  so  as  to  serve  as  an  ash  receiver  and 
large  enough  to  hold  ,d  if  a  crucible  should  break. 

A  he  ved  piece  of  iron  q  fastened  to  the  inside  of  the 

bowl  i  holds  the  grate  i  in  position.     Tin-  blast  from 

the  blower  enters  at  rand  the  burned  gases  pass  through  the 
upper  opening  s  to  ti  as  shown  in   Fig.  5  (b).     The 

blast   pipes  r  are  laid   alon-   the  escape   flues  /,  Fig.   1 

i/'),  and  the  air  flows  through  the  heated  s]  \veen 

un    in    Ki-.  ;»    (,/)    and    (/').      Tins 

utilizes  .  at  and  greatly  reduces  the 

<-.      An   ash-ear  it  run 

the    pit   and  is   lifted    from   the    pit  by  means 
on  an  overhead  trolley;  the  I 
also  -  handle    •  ,   \\hieh  are  No.  8<>  in 

upon   the:  ^rate.   /.      In   inan\  iiain 

>r  handln  ;i«  ibles. 


M>.       Inv  i  c.ixi,iu   the  S|»cc«l  of  Melting  lira^H.  —  It  is 

•'«t  ti:  rable  to  increase    the  spee.l  <»f    melting   in    the 

fumace.      This  may  be  done    by  in 
uer,  under  the  grate,  and  cl< 

i  piece  of  -hown  in 

re<piirc(l  to  melt  the  metal  under 
n.itir 

l)»t   the    i  n    the   cru<  ibles.  and, 

111     the      folll 

re  may  be  times  when   the  hi-h   speed  of 
melting  is  desirable. 

1   7.       ii»nil.iiii-<l  v.  iip.il.i   .iinl   sJi-ucililc    I    ui  ii.  ice.     -In 

•A  ith 
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a  sand  bottom,  so  that  the  metal  may  be  melted  in  direct 
contact  with  the  fuel;  or,  by  replacing  the  sand  bottom  with 
a  grate,  the  metal  may 
be  melted  in  crucibles. 
When  using  this  furnace 
without  a  grate  for  melt- 
ing copper,  it  is  necessary 
to  have  the  blast  much 
milder  than  when  melt- 
ing iron,  and  to  use  from 
one-eighth  to  one-fourth 
more  fuel.  In  preparing 
the  furnace,  the  daubing 
should  be  put  on  thinly 
and  the  surface  should 
be  blackened  over,  as  in 
blackening  a  dry-sand 
core  or  dry-sand  mold, 
for  the  cleaner  the  metal 
is  kept  in  melting  it,  the 
better  will  be  the  results 
in  casting.  Only  the  cop- 
per should  be  melted  in 
this  cupola,  and  the  tin 
and  zinc  for  the  mixture 
should  be  added  to  the 
copper  after  it  has  been  tapped  from  the  cupola;  or  the 
other  components  of  the  desired  alloy  may  be  in  the  ladle 
in  a  melted  state  when  the  copper  is  drawn  from  the  cupola. 
Mixing  the  alloy  while  it  is  in  direct  contact  with  the  fuel 
causes  it  to  absorb  sulphur  from  the  fuel,  and  metallic  oxides 
are  formed,  which,  with  the  sulphur,  may  generate  gases 
and  so  cause  blowholes  in  the  castings.  Many  founders  who 
have  tried  to  melt  brass  in  a  cupola  have  experienced  this 
trouble. 

When  crucibles  are  used  in  the  furnace  shown  in  Fig.  6, 
they  should  be  charged  in  the  same  manner  as  in  the  regular 
crucible  furnace.  They  should  be  set  in  the  cupola  on  a  bed 


PIG.  6 
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of  fuel  ranging  from  8  to  10  inches  in  depth ;  fuel  should  be 

.1  around  their  sides  and  the   blast  applied,  i 
g  the  natural  dra 

IS.      Oii-ltm  Mint*    Ui-iis*,   I  uriiiicc.      While  t  he  rruri- 
ble    i:  s  the  most    common  .MI.-  for    niflt: 

also  melted  in  contact    with    tin-    tlamr  in  furnacrs   that 

In  Fig.   7  is  shown  OIK*  form  of 

irning  furnace.       It  consists  of  a    pear-shaped    boiler- 
plate shell  (i  moiintrd  on  trunnions  f>,  b'  supported  by  .stand- 


Pio.  7 

ards  on  subst  mdati^ns.     The  bottom  c  is  removable 

for  the  purpose  of  lin;  th  lirebri.  ks.  making 

After   the   bottom  c  is  bolt< -d   in   place,   the 
lining  are  introduced  through  the  hi: 

M  e,      'I'hr    furnace  is 
l>y  mean  nn- 

lion  b'  and  a  worm   and    bevel  y< 
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operated  by  a  hand  wheel/.  The  air  and  oil  enter  the  fur- 
nace near  the  top  through  two  tuyeres  g,g  placed  at  an 
angle  to  each  other  and  pointing  downwards.  The  oil  pipe  h 
and  the  air  pipe  i  are  connected  to  the  movable  parts  on  the 
furnace  by  means  of  stuffingboxes  atthe  endof  the  trunnion b. 
The  furnace  is  heated  to  its  working  temperature  before  the 
charge  is  put  in.  To  aid  in  preventing  excessive  oxidation 
of  the  charge,  it  is  necessary  to  cover  it  with  some  material 
to  protect  it;  a  small  amount  of  fine  anthracite  coal  is  some- 
times used  for  this  purpose.  When  the  charge  is  melted,  it 
is  emptied  into  ladles  through  the  brick-lined  spout/,  which 
is  also  the  only  outlet  for  the  products  of  combustion;  the 
operation  of  the  furnace  is  judged  by  observing  the  flame 
that  issues  from  the  spout.  The  advantages  of  this  furnace 
are  that  a  larger  amount  of  metal  can  be  melted  in  one  bath 
than  where  crucibles  are  used,  and  a  greater  amount  of 
metal  can  be  melted  in  a  given  time  per  square  foot  of  floor 
space  occupied  by  the  furnace. 


CRUCIBLES  FOR    MELTING  BRASS. 

19.  Care  of  Crucibles. — If  the  crucibles  used  in 
melting  brass  be  handled  carefully,  they  will  last  thirty  or 
more  heats;  but  if  they  are  handled  carelessly  or  ignorantly, 
they  may  be  injured  by  crushing  or  cracking  in  one  or  two 
heats. 

The  first  thing  necessary  to  the  life  of  a  crucible  is  that  it 
be  annealed  thoroughly  for  several  days  at  a  moderate  heat, 
ranging  about  220°  F.,  such  as  the  mild  heat  in  core  ovens. 
Crucibles  are  usually  thoroughly  annealed  when  being  made, 
but  in  transportation  from  the  maker  to  the  user,  they 
absorb  moisture  that  must  be  slowly  driven  out  or  they  will 
crack  at  the  first  heat. 

In  the  case  of  large  crucibles,  it  is  well,  after  annealing 
them  in  an  oven,  to  keep  them  mouth  downwards  over  a 
slow  fire  for  6  or  8  hours. 

A  sufficient  number  of  crucibles  should  be  kept  on  hand, 
so  that  any  of  them  that  are  partly  glazed  may  be  saved  for 


16  BRASS    FOUNDING.  £  54 

heavy  heats  or  any   especially  hot   firing   that  may  be  on 

A  crucible  used  where  the  mrlt  ing  is  done  in  from  1  1  h- 

to  1}  hours,  uiuic  is  long  as  one 

where  fi  Midting.     The 

;    <>f   furl   usnl    may  also  have  much  to  do  with  the 

life  of  a  crucible.     If  the  draft  or  damper  is  regulated  in  such 

.inner  as  uce  an  oxidizing  instead  of  a  red;: 

tlame,  the   effect  will   prove  injurious   to    the    life   of   the 

ible. 

The  kinds  of  metals  melted  also  are  important  factors.     A 
ible  that  will  last  only  three  heats  when  melting  nickel 

1  ii  steel,  twenty-five  heats  with  <<  : 

and  possibly  the  same  pot  may  be  us  ,\  hen 

melting  the  s 

In  (hanging  fin  'he  metal  should  not  be  jammed 

into  tin-  crucible,  as  this  will  strain  the  pot  and  cause  slight 

Its,      Iii  using  the  tongs,  they  should  be  made  to  fit 
crucible  closely,  since  if  they  do  not  tit,  they  will  strain  the 
parts  with  which  they  an  ,  t. 

After  pouring  the  metal  out  of  the  crucible,  care  should 
be  taken  to  see  that  none  i  in  the  bottom,  as  it  will 

adhere  to  the  bottom  and  tear  it  when  it  has  cooled,  or  while 
being  removed  when  the  crucible  is  being  prepared  for  the 
next  heat. 

When  the  heat  the  crucible  should   be  stored 

away  in  some  warm,  dry  place  until  the  i.  ;  and  if 

this  interval  a  few  days,  it  should  be  put  in 

the  core  ited  before  being  .in. 

In  onl-  Inform   the   mamr 

turrr  of  the  k  -,  hich  it  will  be  used;  this  will 

:rn  to  select    a   mixture  for  the  that   will  be 

•r  the  intended  w 


>      ^:ii»;icitic^    ..i    e,  ncihicn.—  Table    I    gives    the 

will 

hold,  as  well  as  the  numbers  by  which  they  are  sold  by 
dealers. 
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SIZE    AND    CAPACITY    OF    CRUCIBLES. 


Number 
of 
Crucible. 

Outside 
Height. 
Inches. 

Greatest 
Outside  Diameter. 
Inches. 

Capacity  in 
Melted  Metal. 
Pounds. 

I 

3i 

3 

3 

2 

4 

3i 

6 

3 

4l 

3l 

9 

4 

Si 

4i 

12 

5 

6 

4| 

15 

6 

6* 

5i 

18 

8 

7i 

5i 

24 

10 

8J 

6i 

30 

12 

«f 

H 

36 

14 

9i 

7i 

42 

16 

9t 

7f 

48 

18 

10 

8* 

54 

20 

i°i 

H 

60 

25 

»* 

9 

75 

30 

i  if 

9l 

90 

35 

"i 

9f 

105 

40 

"1 

9l 

120 

45 

13 

lot 

135 

5° 

»3i 

i°! 

J5° 

60 

Mi 

»i 

180 

70 

I4i 

ni 

2IO 

80 

i5i 

»i 

240 

100 

,di 

13 

300 

MELTING  COPPER  AND  OLD  BRASS. 

21.  Operating  the  Brass  Furnace. — Before  pla- 
cing the  crucible  in  the  furnace,  the  fire  should  be  well  under 
way ;  there  should  be  sufficient  fuel  in  the  furnace  to  form 
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a  solid  bed  from  8  to  10  inches  thick  between  the  ^ 

and  the  •  .  which  should  be  charged  with  the  im-tal 

beft-  placed   on   the    bed    of    burning    fuel.       The 

cnu  iblc  illed  to  the  top,  the  metal 

being  allowed  to  protrude  from 
if  it  is  known  that  when  melted  it  will 
not  quite  fill  the  crucible.  The  crue 
tongs,  one  form  of  which  is  shown  in 
8,  are  thru  placed  over  the  crucible, 
and  are  held  in  place  by  means  of  the 
link  </.  The  crucible  is  then  lifted  and 
lowered  into  the  furnace  by  the  tongs  and 
set  evenly  on  the  bed  of  fuel.  The  tongs 
are  now  removed,  and  fuel,  broken  to  a 
medium  size,  is  shoveled  into  the  furnace 
to  fill  the  space  between  iblc  and 

the  sides  of  the  furnace,   the  fuel  1 
filled  in  to  1  of   the  top  of   the 

ible. 


i  i  .     - 


\<ljtiMinjr  the  Crucible.  —  As 
the  fuel  burns  away,  the  crucible  will  set- 
tle gradually  toward  the  grate,  and  to 
prevent  its  settling  too  1 
will  not  be  a  sufficient  body  of  fire 
under  it,  it  ised  occasionally  by 

means  of  the  crucible  tongs  to  its  original  position.     When 
the  crucible  is  raised,  the  fuel  from  the  li 

r   it,   and   the  ci  I   readjusted   on   the  bed;    the 

.;s  are  then  removed  and   trrsh   fuel  add< 
repL  which  has   settl-  r    the  crucible. 

cover/,   1  put  in   place   in  >  ontinue 

the  d:  keep  the  heat  in  the  furnace. 

In  some  cases  the  crucible  may  need  adjusting  in  this 
two  or  three  times  befon  ;al  will   be  hot  enough  to 

be  poured   in-  As  the  furnace  coo:  A  hat 

'i'  the  ad-  fuel,  the 

Id  be  so  arranged   t 
before  the  metal  is  p<>  at  that  time  will 
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cause  a  setback  by  cooling  the  metal.  Usually  the  crucible 
will  take  more  metal  when  the  first  charge  nu-lts  and  settles, 
in  which  case  the  additional  metal  is  gently  added  by  means 


FIG.  9. 

of  the  tongs  shown  in  Fig.  9.  This  method  of  melting  brings 
the  whole  potful  to  the  melting  temperature  in  a  uniform 
manner. 

The  metal  should  not  be  left  in  the  furnace  longer  than  is 
necessary  to  give  it  the  degree  of  fluidity  necessary  to  pour 
it,  for  if  the  temperature  is  increased  beyond  this  point,  it 
will  cause  injury  to  the  metal  and  may  cause  blowholes  in 
the  castings,  especially  if  the  metal  has  a  large  percentage 
of  copper.  The  proper  temperature  can  be  determined  only 
by  watching  the  alloy  closely  during  the 
melting.  If,  when  a  rod  is  inserted  into  the 
molten  metal,  no  metal  adheres  when  it  is 
withdrawn,  the  metal  is  at  least  warm 
enough  to  be  poured.  If  it  is  held  in  the 
fire  longer,  it  will  be  injured  by  absorbing 
oxygen  from  the  air.  If  old  brass  is  used, 
some  of  the  zinc  will  oxidize,  or  burn  out; 
this  loss  must  be  replaced  by  new  material. 

23.  Handling  the  Crucible  and 
Metal. — When  taking  the  crucible  out  of 
the  furnace  with  the  tongs,  care  must  be 
taken  that  the  jaws  b,  b,  Figs.  8  and  10, 
of  the  tongs  are  below  the  largest  part  of 
the  crucible,  as  is  shown  in  Fig.  10,  for  if 
they  are  not,  the  pot  may  slip  out  of  the 
tongs  before  it  reaches  the  top  of  the  fur- 
nace or  as  it  is  being  carried  around  the 
floor,  thus  spilling  and  losing  the  metal  and 
endangering  the  workmen.  When  the  tongs  clasp  the  pot, 
a  link  a,  Fig.  8,  is  slid  along  the  handles,  as  shown,  and  made 
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to  press  them  tightly  together;  the  pot  can  then  be  liftt -d 
•i  the  furnace.      If  the   |><>l  is  too  heavy  for  one  in. 

>  or  more  men  taking  hold  of  the 

ham'.  lifting  it  to  the  tc.;   <>f  th<  '       n  the 

Me  is  v  .ing   it  on 

one  of  the  hooks  ct  or  attaching  it  to  the  e\ 

•    drd     from    o\ 

permit 
furnace  to  the  mold  while  it  ed  in  the 


lifting  tongs;    «>r  it  may  be  lowered  into  a  ladle  shank  ,/, 

as  shown  in  Fig.  11.  In  pouring  l>y  tin-  use  of  I              .inks, 

an  extra  helper   is  reqir.               K.ld    tin-   cnicil)le    in    the 

•.k. 

I.      ox, ,i. MI, ,11    in  Mcitini;    lii;iHH.— As  the  melting 
proceeds  in  the  furnace,  care  should  be  taken  to  keep 
top  of  the  molten  me1  tact  with  the  air  as  much 

as  possible.  the  metal  with   : 

deredch.t  .me  other  fine,  di 

especially,  has  an   affinity    for   oxygei 

prevent  its  absorbing  oxygen   from 
this  affects  the  strength  and  homogem  e  castinj 

an  extent  ti  n  they  are  broken  will 

be  found  in  a<  to  blowholes.     To  prevent  this  as  much 

as  possible,  n  1  not   remove  the  covering  of 

whatever  covering  may  be  used,  from  the 
•  '    1  unl  pouring. 

may  even  leave  it  on  during  ring,  holding  it  back 

with  a  skimmer. 
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The  evil  of  oxidation  is  so  s<-ri<nis  with  nearly  pure  cop- 
per  and  some  kinds  of  bronze  castings  that  the  scheme  of 
using  secondary  ladles  that  permit  bottom  pouring  is  some- 
times used.  These  secondary  ladles  have  a  hole  through 
the  bottom  that  is  from  1  inch  to  1J  inches  in  diameter, 
according  to  the  speed  of  pouring  desired.  The  hole  is 
stopped  with  an  iron  plug  that  is  coated  with  clay  or  graphite, 
and  which  is  so  arranged  that  it  can  be  pulled  out  when 
desired,  thus  permitting  the  flow  of  the  metal  through 
the  bottom  of  the  ladle.  This  bottom  hole  should  be  con- 
nected as  closely  as  possible  with  the  pouring  gate  of 
the  mold,  for  if  this  is  not  done,  the  metal  may  be  suffi- 
ciently exposed  to  the  air  in  its  passage  to  the  gate  to  absorb 
as  much  oxygen  as  though  no  secondary  pot  had  been  used. 
Even  with  such  a  device  closely  connected  to  the  pouring 
gate,  it  is  impossible  to  prevent  copper  and  some  bronzes 
from  absorbing  some  oxygen  from  the  air  in  the  mold. 
While  it  is  true  that  this  device  does  not  wholly  prevent 
the  absorption  of  oxygen,  there  are  times  when  its  use  will 
produce  results  that  will  justify  its  adoption. 

25.  Precautions  in  Melting  Brass.— The  best  fuels 
for  melting  copper  are  charcoal  and  coke,  the  former  being 
given  the  preference  when  the  best  results  are  desired.  In 
melting  the  copper,  care  should  be  taken  not  to  raise  the 
temperature  any  higher  than  is  necessary;  this  may  be 
determined  by  the  metals  with  which  it  is  alloyed,  or  it  may 
be  determined  by  running  the  molten  metal  into  the  thin 
portions  and  corners  of  the  castings.  The  higher  the  tem- 
perature is  raised  when  melting,  the  more  oxide  and  gases 
will  be  formed;  if  the  temperature  be  great  enough  to 
obtain  a  white,  or  boiling,  heat,  it  may  be  impossible  to  pro- 
duce sound  castings,  and,  in  addition,  the  castings  will  be 
very  brittle.  When  molten  copper  has  been  overheated,  it 
may  be  brought  again  to  a  proper  condition  by  adding  tin 
or  phosphorus  to  it.  The  greater  the  amount  of  phosphorus 
or  tin  that  is  added,  the  more  sound  are  the  castings  likely 
to  be. 
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^•>iii»i-i.        "pper,  like  p:  Mould  be 

bought  «>M  at:  may  be  i. 

the  desired  degree  ot  .ised  on  a 

guarantee  that  it  <  •«  •mains  99.6  per  ecu  id  is 

:ely  free  from  sulphur.      If  ii  n  ingot  f<>rn  . 

manufacture  >uld   be   •  The 

ingot  should   have  a  ronrave  fare  on  the.   side   thai 

irinkage  likely  to 

occur  from  it^  use.      I:i  ol  tail  -iiipment 

of  copper,  drillings   ai  n    fr-im 

equal  d;  ;    the  ma  d  in 

obtaining  analyses  of  ir»n. 


I-  I    «>\  IDI/I\«.     Ml     I     VI   «s. 

27.     Ultoott.  to  l»"tli  the  strength 

honifigc!  .ind  l)r«in/c  (  , 

(x  eluded  gases  arising  I'loin   the 

;»le.     For  this  purpose  an 

.">  j.arts  ol"  silicon  and 

I   90  to  9.".  The  Useful 

to  theoxygen  having  a  j^  ;miiy 

than  for  the  copper;   hen.-e  the  oxygen  in  the 
metal   unites  with  the   silicon  and 
toll. 

'">  pounds  of  • 
;  his  is  D 
murh  trouble   from  blow- 

id   it  in  surh 

Iten     metal,  1 
'.d  be  W»  much 

as  |>- 

eSS. 


tlM  Gopp«r.  mrthod  for  deoxidi- 

zing melted  •  to  stir  the  eopp.  :   adily 
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with  a  stick  of  unseasoned  hard  wood,  from  H  to  2  inches 
thick,  until  a  sample  of  the  copper  will  show,  on  cooling,  a 
small  shrink  hole  of  a  brownish  color  in  its  center;  the  stir- 
ring is  then  continued  (taking  care  not  to  allow  the  temper- 
ature of  the  metal  to  rise)  for  a  few  minutes  until  a  sample 
taken  will  cool  with  a  level  surface,  without  showing  either 
any  shrink  hole  or  any  elevation  in  the  center;  the  metal  is 
then  ready  to  be  poured.  Should  the  stirring  be  continued 
much  longer,  the  metal  will  revert  to  its  former  condition 
because  of  the  occluded  gases.  While  the  metal  is  being 
stirred,  it  should  be  kept  covered  with  powdered  charcoal, 
or  some  other  means,  to  keep  it  from  contact  with  the  air. 
This  plan  has  resulted  in  obtaining  solid  castings  from  pure 
copper. 

29.  Phosphorus  is  also  introduced  into  the  metal  as  a 
deoxidizing  agent ;  it  is  beneficial,  since  the  oxygen  will  com- 
bine with  it  and  pass  off  as  an  oxide  of  phosphorus  in  the 
form  of  a  yellowish-white  smoke.  Phosphorus  may  be 
obtained  from  druggists  in  the  form  of  sticks  about  the 
size  of  a  finger,  which  weigh  about  2  ounces  each.  A  half 
dozen  or  more  are  put  up  in  a  can  or  bottle  that  is  then  filled 
with  water  and  sealed  or  stoppered,  since  the  phosphorus  will 
ignite  at  111°  F.  and  will  take  fire  of  its  own  accord  if  left 
exposed  to  the  air. 

As  the  phosphorus  will  take  fire  in  a  few  seconds  in  the 
hand,  if  it  were  removed  from  the  water  in  that  way,  thus 
causing  a  painful  burn,  means  must  be  provided  for  immer- 
sing it  in  the  molten  metal.  One  way  to  accomplish  this  is  to 
insert  the  phosphorus  in  a  tube  made  of  clay  or  graphite, 
having  a  |-inch  hole  extending  through  it.  This  tube  is 
attached  to  the  end  of  a  metal  rod,  and  the  sticks  of  phos- 
phorus are  held  in  the  tube  by  means  of  some  strips  of  tin 
or  copper  that  are  fastened  over  the  end.  The  tube  is 
immersed  in  the  molten  metal  and  held  there  until  the 
phosphorus  is  absorbed. 

Another  plan  is  to  use  an  iron  receptacle  a,  shown  in 
Fig.  12,  with  a  handle  b.  Several  sticks  of  phosphorus  are 
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UK!  kept  there  until  they  are 

••  -hintf   li;  which  the  holder 

is    tilted    gently    ami 
lowered   into  the 
molten  metal,  where  it 
is  held  until  the  ; 
phorus    has     been    ab- 

sorl 

In    order   that   the 
phosphorus    in  ay    be 
:y  handled  and  in- 
d    in    the    molten 

metal,  some  founders  prepare  it  by  placing  the  sticks  in  a 
dilute  solution  of  sulphate  of  copper  for  about  ){<)  mini 

deposits  a  coating  of  --n   the  sticks,  when  they 

may  be  safely  handled  as  :  .is  coating  is  sound.    The 

sulp!  Mtion   may  be  held  in  a  stone  jar,  and 

wheii  MI. iv  be  placed  on  blotting 

paper  th.  D  wire  netting,  the  netting 

•ierp  ami 

of  water.     The   pan 

u  1  d    be  provided 

with    an    air-tight 

0  be   used    in 

case    the     pi 

tire.     See 
Fig 

handling    phos- 

!s        (|ui«    i 

the  nd   intro- 

t  h  e 

!  with  a  shovel  or  a  pair  of  ton  .v  be  added  with- 

»'-lc  sbown  in  !  ..dded 

in  tl 

>       \IOOMMIIMI        •;          tate  alloyed  with  copper  in 

tenth  is  used  as  a 
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deoxidizing  agent.  It  makes  a  good  deoxidizing  agent  and 
greatly  increases  the  strength  of  the  castings,  but  has  the 
disadvantage  of  increasing  the  shrinkage  to  such  an  extent 
as  to  make  it  almost  impossible  to  get  solid  castings  when 
the  metal  contains  10  to  11  per  cent,  of  aluminum.  Alumi- 
num has  an  additional  disadvantage  in  that  it  oxidizes  when 
in  contact  with  the  air,  forming  a  thin  film  of  aluminum 
oxide  on  the  surface  of  the  molten  metal,  which  may  spoil 
the  casting  if  permitted  to  pass  into  the  mold.  This  film 
forms  so  rapidly  that  it  can  be  seen  forming  on  a  clean 
stream  of  the  molten  metal  as  soon  as  it  leaves  the  lip  of 
the  crucible. 

Aluminum  alloys  with  zinc;  and  when  the  mixture  of 
copper,  zinc,  and  aluminum  contains  3  per  cent,  or  less 
of  aluminum,  strong  brass  castings  can  be  made  from  it. 
It  is  difficult  to  obtain  solid  castings  when  the  aluminum  is 
over  3  per  cent. 

When  a  small  amount  of  aluminum  is  found  to  give  good 
results  in  brass  castings,  a  good  way  to  introduce  it  into  the 
copper  is  in  the  form  of  aluminum  zinc,  which  contains 
90  parts  zinc  and  10  parts  aluminum. 


ALLOYS    AND    MIXTURES. 


COPPER  AND  TIN  ALLOYS. 

31.  Effects  of  Alloying  Copper  With  Tin. — Cop- 
per and  tin  have  a  great  affinity  for  each  other,  and  mix 
thoroughly  in  nearly  all  proportions.  Tin  is  a  soft,  white 
metal  and  melts  at  about  440°  F. ;  but,  while  both  tin  and 
copper  are  soft  metals,  their  alloys  are  harder  than  the 
metals  themselves.  One  part  of  tin  will  combine  with 
2  parts  of  copper  in  so  homogeneous  a  manner  that  each 
metal  will  lose  its  identity,  giving  a  compound  that  is  gray 
in  color  and  very  hard  and  brittle.  Tin  greatly  increases  the 
fluidity  of  molten  copper;  the  tensile  strength  of  copper 
increases  by  the  addition  of  tin  from  1  to  12  per  cent. ;  the 

MB— 18 
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ductility  of  copper  is  decreased  by  the  addition  of  tin  ;  the 
ty  of  copper  to  re-  hing  increases  up  to  the  addi- 

tion of  18  per  cent,  of  tin,  but  beyond  this  percentage  of  tin 
the  alloy  becomes  hard  and  brittle. 


Mci;ii.—  Alloys  containing  from  1  to  7  per 
cent,  of  tin  turn  a  beautiful  brown  color  when  finished. 
The  alloy  known  as  mm  mct;ii  r<  insists  of  copper  and 
from  8  per  cent,  of  tin  in  the  soft  grades  to  20  per  eent.  in 
the  hard  grades.  Gun  metal  is  so  greatly  weakened  by  heat 
that  the  tensile  strength  at  500°  F.  is  less  than  two-thirds  that 
at  ordina  spheric  temperatures.  The  best  gun  metal 

has  from  8  to  10  per  cent,  of  tin  alloyed  with  the  copper. 

Tii  the  trade  in  pig  or  bar  form,  and  is 

added  to  the  copper  by  melting  each  metal  separately  or  by 
adding  the  tin  while  the  copper  is  in  the  furnace  or  after  the 
crucible  has  been  lifted  from  the  furnace.  There  are  two 
grades  of  tin,  one  called  grain  tin  and  the  other  block  tin; 
the  former,  being  the  purer  metal,  is  used  in  produeing  the 
best  grades  of  bronze. 

Some  founders,  using  tin  in  the  pig  or  block  form,  add  it 
to  the  molten  copper  by  holding  the  end  of  the  block  in  the 
molten  metal  until  a  suffident  amount  has  melted  off,  the  pig 
having  previously  been  marked  at  the  place  that  will  give 
the  proper  weight.  Others  rut  off  pieces  and  immerse  them 
separately.  Some  first  melt  the  tin  and  cast  it  into  small 
slabs  or  rolls  of  convenient  size.  When  the  tin  is  bought  in 
the  bar  form,  it  is  handled  mm  -h  more  easily  than  otherv. 

When  melting  tin  in  a  crucible,  it  must  be  watched,  and 
removed  from  the  fire  as  soon  as  it  is  melted;   other 
the  fumes,  if  exposed   to  the  air,  will  catch  fire  and  burn 
with  a  bright,  white  light. 

ten  tin  has  been  added  to  melted  copper,  the  mass 
should  be  thoroughly  stirred.  This  may  be  done  with  a  rod 
made  of  plumbago  or  an  iron  rod  heavily  coated  with  graphite. 
The  rod  should  be  used  around  tin-  sides  and  bottom  of  the 
crucible  as  well  as  at  the  middle,  so  as  to  thoroughly  agitate 
the  whole  mass. 


lation  to  Cast 
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chemical     and      I'hxxical     I  »i  ope  i  I  JCH    of    the 
\lh.\x  of   copper  ami     Tin.-  -Table    II    gives  the  com  po- 

ri  and  physical  properties  of  a  number  of  alloys  of  copper 
and  tin.     Th  I  were  alloyed  in  proportion  according 

to  ti  town    ill   tin-   first  column,  and 

hence  the  percentages  in  column  ?  arc  not  expressed  in  even 


COI'I'I    U      \M»*I\C 

.'{1.  /ioc  a  Muish-whitc  metal  that  possesses  little 
Strength.  It  will  take  fire  in  tin-  air  if  heated  above  750°  F., 
and  in  burning  emits  a  greenish-white  flame  and  fumes  that 
i  oxide  of  zinc.  It  may  be  mixed  with  copper  up  to 
35  or  40  per  cent,  without  having  much  effect  upon  the 
malleability  and  ductility  of  the  alloy,  but  further  additions 
of  zinc  cause  the  mixture  to  become  brittle;  for  instance, 
an  alloy  containing  2  parts  of  zinc  to  1  part  of  copper  i 
brittle  that  it  may  be  readily  crushed  in  a  mortar. 

:t5».  HI-JINN  and  itron/.c.  —  When  zinc  is  alloyed  with 
copper  without  other  metals,  it  gives  the  mixture  called 
braM  ;  while  tin  alloyed  with  copper,  gives  hmnx.c.  When 
the  mixture  is  composed  of  66  parts  copper  and  :;i 
zinc,  we  have  the  alloy  commonly  used  for  brass  castings; 
although,  fr<>!  I  per  cent,  of  tin  is  often  added, 

gives  greater  strength  to  the  castings. 

ic  gives  fluidity  to  the  alloys  and  is  an  excellent  d. 

the  copper,  assisting   in   obtaining  sound 

When  a  high  percei  Hied,  however,  to  give 

extra  fluidity   to  brass  that  is  to  be  used   in   making  thin 

em    must  be    taken    that  the   metal   i  ;ired 

when  it  is  too  hot,  else  it  may  boil  or  kick  oul  of  the  mold. 

In  making  brass  cast  -ood  color  is  one  of  tin- 

desired.     A  mixture  that  gives  good  results  for  this  pu; 

1)     of 

tin,  zim-.  an<!  [ft  i     Into   n 

i  fine  grade  .  very  fine  light   castings 

having  a  good  color  may  be  obtained. 


lation  to  Cast 
in  Presence  of 
olution,  i.  e., 
Sea-  Water. 
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;U>.      \Mn\intfCopper   With   Zinc.— In   adding  zinc 
tOCOppei  when  added  in  small  quantities,  b< 

in  the  ni  means  of  a  pair  when   it 

will  be  thoroughly  melted  by  tin-  heat  of  the  copper;  in  the 
case  of  adding  a  large  q  i  should  be  melted  along 

with  the  copper,  by  being  charged  into  the  crucible  as  soon 
as  the  copper  commences  to  melt.  It  may  also  be  melted 
separately  and  poured  into  the  copper  through  a  hole  made 
for  the  purpose  through  the  charcoal  covering  over  the  cop- 
per or  through  a  hole  in  an  iron  cover;  such  a  cover  i- 
best  thing  to  use  to  prevent  oxidation.  If  the  metal  is  not 
kept  covered,  the  zinc  will  volatilize  rapidly,  causing  a 
vapor  that,  in  burning,  creates  an  oxide  that  settles  around 
the  shop  in  the  form  of  Hakes.  Where  tin  is  added  to  the 
copper,  it  is  put  in  immediately  after  the  zinc. 

As  zinc  costs  but  from  one-fourth  to  one-third  as  much  as 
copper  or  tin,  it  is  used  in  commercial  work  whenever  the 
Mgs  made  from  it  will  answer  the  purp 

Table  1 1 1  ^jves  the  composition  and  the  physical  properties 
of  alloys  of  copper  and  zinc. 


II     VI)     \M>    LIH'I'I    It     Ml  «M   s. 

;;7.     i.c.-ui. — The  specific  gravity  of  lead  is  n.:t;>,  and 
U  melts  at  612°  F.     The  addit  '.-ad  to  brass  or  br 

castings  decreases  their  strength  and  changes  their  color. 
and  also  makes  them  i  .id  and  ropper 

have  little  atlmity  for  each  other,  and  will   only  mix   in  a 
manner   when    the    lead    does   not  exceed   about 
3  per  cent.     It  will  scarcely  combine  with  *inr.  and  a  - 

;>ly  made  by  adding  a  small  percentage 
of  ai  However,  lead  will  assist  in  ^ivin^  th. 

a  sni  ,nl  on  the  sir 

that     prevents    the    molten     n  uing   too    sharply    the 

imp!  '    '  -nail    amount    of   [<  <lded 

tate  the  work  to  be  done  on  tin-in 
in  the  machine  shop. 
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Lead  is  used  a  great  deal  in  the  manufacture  of  Babbitt 
metal,  which  is  used  in  the  construction  of  bearings  for  the 
journals  of  shafts  and  spindles;  some  castings  of  this  char- 
acter contain  as  much  as  10  per  cent,  of  it  in  mixture  with 
copper  and  tin,  no  zinc  being  used.  It  is  added  to  the 
copper  in  the  same  manner  as  zinc  or  tin.  As  it  is  much 
cheaper  than  copper,  zinc,  or  tin,  it  is  used  as  much  as  pos- 
sible by  some  founders.  An  excess  of  it  is  readily  detected 
by  the  color  and  the  lack  of  homogeneity  shown  when  the 
casting  is  broken. 

Lead  is  used  for  other  alloys  than  bronze  and  brass;  it  is 
alloyed  with  antimony  for  making  type  metal,  with  bismuth 
for  fusible  alloys,  and  with  arsenic  for  making  shot. 


MANGANESE   IN   ALLOYS. 

38.  Manganese  has  a  specific  gravity  of  about  7.5. 
It  is  of  a  whitish-gray  color,  of  high  metallic  luster,  and  is 
sufficiently  hard  to  scratch  glass.  It  is  alloyed  with  iron 
and  copper — iri  iron  as  ferromanganese  and  with  copper  as 
manganese  copper,  which  is  its  best  form  for  the  use  of  brass 
founders,  as  in  the  form  of  ferromanganese  it  introduces  the 
iron  into  the  alloys  of  brass,  much  to  their  injury.  An  alloy 
of  about  70  parts  of  copper  to  30  parts  of  manganese  is  on 
the  market,  and  is  used  in  copper  mixtures  to  give  manga- 
nese alloys  a  range  in  manganese  from  a  trace  up  to  5  per 
cent.  It  can  be  mixed  with  copper  to  give  a  metal  that  may 
be  forged.  It  is  said  to  give  good  bearing  and  journal  cast- 
ings, and  is  used  extensively  in  casting  propeller  wheels, 
both  on  account  of  its  strength  and  ductility.  Propeller 
wheels  made  of  this  metal  are  made  thinner  than  is  permis- 
sible with  other  metals,  because,  if  bent,  they  may  be 
straightened  again;  although  it  is  better  to  cast  them  so 
thick  that  they  will  retain  their  shape  when  they  strike  an 
obstacle  when  in  action. 

Manganese  bronze  does  not  corrode  easily,  and  for  this 
reason  is  used  in  the  form  of  sheets  for  mining  screens,  since 
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the  acid  mine  waters  have  no  effect  on   it.      It  wea 
somewhat,  however,  when  heated,  uml   has  a  greater  per- 
ige  of  shrinkage  than  gun  metal. 

A  mixture  found  to  work  well   in   journals   and    similar 
tigs  is  as  follows:  Copper,  40  part-;  til  /.inc, 

:  manganese,  2J  parts.     Another  mixture  suit- 
able for  propellers,  gear-  y   mad 
copper,  :. 

nese,  3f  parts.     To  make  metal  suitable  for  the  she< •• 
mining  screens,  more  copper  and  manganese  and 
are  required.     When  the  alloy  is  very  high  in  manganc 
may  require  chilled  molds  for  casting;  whereas  with 
manganese,  the  castings  can  be  made  in  sand  molds. 

To  make  a  metal  that  resembles  German  silver,  and  that 
has  high  electrical  resistance,  the  following  mixture  may 
be  used:  Copper,  67f  parts;  manganese,  18 J  parts;  zinc, 
13  parts;  and  aluminum,  1]  parts. 


BIHMITI  H    IN     VI.LOYS. 

39.     Bl»muth.— The  specific  gravity  of  bisnmt  h  is  9.8, 
and  it  m  bout  500°  P.,  but  as  an  ingredient  in  . 

with  other  metals,  the  melting  point  is  lower,  one  form  of 
solder  containing   bismuth   melting  at    ^l*i°   F       1: 
brittle,  a  little  harder  than    lead,  and    has  a   yellowish-white 
color.      Assold  commercially  bismuth  is  not  purr,  containing 

-enic.       !•  uliar    proper: 

expanding  while  cooling,  which   n  very  valuable  in 

connection  with  s<>mc  forms  ol  ally  prii 

\V'  og  bill     •  ......  (1  in 

Id  be  cooled  as  rajiid: 

is  otherwise  the  bismuth  ma  -m    the  <.ther 

metals  and  v  ijs. 

Mr.    Krwin  ry    concludes,    as    the    result 

experime  ivinj:    about    (;<»    parts    of    coj 

and  bi  sin  ith  thai   --  u  led  from  .5  to  .i»2  «»f 
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1  part,  that  bismuth  causes  brass  to  be  cold  short  and  hot 
short,  and  to  have  both  visible  and  latent  fire-cracks;  also, 
that  high  brass  for  cold  rolling  should  not  contain  over 
.01  per  cent,  of  bismuth.  It  is  not  known  whether  Mr. 
Sperry  knew  that  it  was  essential  that  castings  containing 
bismuth  should  be  rapidly  cooled,  which  is  important  in 
remedying  the  defects  to  which  he  refers.  If  he  did  cool  his 
castings  rapidly  and  then  got  those  results,  it  would  indicate 
that  bismuth  was  not  a  desirable  material  to  mix  with  brass. 


ANTIMONY  AND  BABBITT  METALS. 

40.  Antimony  is  a  metal  having  a  brilliant  silvery-white 
color.     Its  specific  gravity  is  6.7,  and  it  melts  at  830°  F. 
At    common    temperatures   it  does   not  oxidize.     It  unites 
with   sodium,   potassium,  and   lead,  forming   with   them  a 
more  homogeneous  mixture  than  does  any  other  metal.     In 
alloy  with  other  metals,  it  hardens  and  whitens  them,  and 
the  alloy  contracts  very  little  while  cooling.     For  these  rea- 
sons it  is  an  excellent  metal  to  use  in  making  printers'  type 
and  plates.     It  is  used  for  type  metal,  in  the  manufacture 
of  pewter  articles,  antifriction    alloys,  etc.     In    the    manu- 
facture of  type  metal,  1  part  of  antimony  is  used  to  4  parts 
of  lead,  and  for  stereotyping  plates  there  is  added  to  this 

*V  to  -§V  Part  °f  tm- 

A  very  hard  pewter  is  made  from  8  parts  of  antimony, 
2  parts  of  copper,  and  96  parts  of  tin.  By  increasing  the 
copper,  a  softer  pewter  can  be  made.  In  making  Britannia 
metal,  8  parts  of  antimony',  2  of  bismuth,  2  of  copper,  and 
100  parts  of  tin  are  melted  together. 

41.  Babbitt   metal  was  named  from  the  inventor  of 
the  journal-box  in  which  antifriction  metal  was  first  used. 
Its  original  composition,  so  far  as  known,  was  89.3  per  cent, 
of    tin,   7.1    per   cent,   of   antimony,  and    3.6    per   cent,    of 
copper.     It   is  claimed  by  some  writers  that  the  original 
composition  was  83.3  per  cent,  of  tin,  8.3  per  cent,  of  anti- 
mony, arixl  8.4  per  cent,  of  copper. 
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Babbitt  m<  >ade   that  varies  con  in   the 

amounts  of  the  various  «  nts,  as  tin,  copper,  anti- 

mony, bismuth,  zinc,  and  lead,  in  order  to  make  the  metal 
tble  for  the  \  ings,  weight,  and 

speed  of  rotation  of  the  shafts  and  spindles  for  which  it  is 
used. 

Antimony  is  used  largely  in  the  composition  of  tin- 
grades  of  Habbitt  metal;  these  are  made  with  tin  as  tin- 
principal    constituent,  the    ones    next    in   importance   1 
antimony,  and  a  small  percentage  of  copper;  no  lead  is  i 
in  what  is  termed  the  genuine  Babbitt  metal.     Antimony 
gives  hardness  to  the  Babbitt,  while  the  tin  gives  the  antifric- 
tion qualities.     Owing  to  the  difference  in  the  cost  of  lead 
and  tin,  there  is  a  temptation  to  adulterate  with  lead.     The 
grades  having  lead  as  a  constituent  should  not  be  used  in 
bearings  that  support  heavy  loads  or  have  great  friction. 
The  addition  of  1- ad  to  Babbitt  metal  may  be  determined  by 
rubbing  the  metal  on  paper;  if  lead  is  present,  it  will  leave 
a  mark  somewhat  similar  to  that  made  by  a  lead  pencil. 

Among  the  soft  metals  in  use,  it  is  claimed  that  none  of 
them  has  greater  antifriction  properties  than  lead ;  but  on 
account  of  the  impracticability  of  keeping  it  in  the  journal- 
boxes,  it  cannot  be  used  in  the  pure  state. 

Lead  and  antimony  have  the  property  of  combining  with 
each  other  without  impairing  their  antifriction  cjuality. 
The  following  mixture  of  them  is  said  to  be  excellent  for 
light,  high-speed  machinery:  80  parts  of  lead,  by  weight, 
mix«  timony.  In  using  it,  however,  it 

must  never  be  heated  sufficiently  to  scorch  a  splinter  of  dry 

In   making   Babbitt  metal,  the  Copper  is   lust  melted  and 
the  antimony  added,  and  then  about  10  or  15  pounds  of  tin. 
the  whole  being  kept  at  a  dull-red  heat  and  constant 
until  the  metals  are  ti  ter  which  the  bal- 

•  he  tin  i^  borough! 

In    melting   the  alloy  to  pour  it    into 

journal-boxes,  it  should  be  kept  carefully  covered  with  char- 
coal to  prevent  the  antimony  from  vaporizing.     This  metal 
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TABLE   IV. 


COMPOSITION    OF    BEAMING    METALS. 


Metals. 

Cop- 
per. 

Tin. 

Lead. 

Zinc. 

Anti- 
mony. 

Iron. 

Camelia  metal 

70  20 

42  C 

IJ.    7  C 

c  c 

Antifriction  metal 

i   60 

•  '0 
08    1  1 

**t  •  /  j 

•  JJ 

Trace 

White  metal  

y«j  .  13 

87    02 

12    08 

Car  brass  lining 

Trace 

SA    8? 

1C     I  O 

Salgee  antifriction 

4OI 

90  1 

I    I  C 

gc     cr7 

Graphite  bearing  metal. 
Antimonial  lead  

•  y  x 
14-38 

•  XD 
67.73 
80.  6q 

UJ  •  J  / 

l6.73 

18  83 

(?)   (0 

Carbon  bronze  

7c  .47 

9.  72 

14.  C7 

•  *»o 

(2) 

Cornish  bronze   

77    83 

960 

12    4O 

Trace 

Trace  (3] 

Delta  metal  

Q2  .  3Q 

2  .  37 

5IO 

.07 

American    antifriction 
metal  

78.44 

.98 

IQ  .60 

•65 

CO  .  OO 

2.l6 

.  31 

38.40 

.  1  1 

75-8o 

Q  .  2O 

1  c  .  06 

Damascus  bronze 

76    41 

i  o  60 

12     C2 

Manganese  bronze   .  .  . 

QO  .  C2 

o.  <;8 

*  •  0* 

(4) 

Ajax  metal  

8l  .24 

10.  08 

7  .  27 

Antifriction  metal 

88.32 

T  I  .  Q3 

Harrington  bronze 

cc  .  7-2 

.07 

42  .67 

.68 

Car-box  metal         

84.33 

Trace 

14.38 

.61 

Hard  lead       

04.40 

6  03 

Phosphor-bronze  
Ex    B    metal         

79.17 
76.80 

10.22 

8.00 

9.61 

15  .00 

(5) 

(6) 

OTHER  CONSTITUENTS. 
(1)    No  graphite.  (4)    No  manganese. 


(2)  Possible  trace  of  carbon. 

(3)  Trace  of  phosphorus. 


(5)  Phosphorus,  .94. 

(6)  Phosphorus,  .20. 
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when  carefully  prepared  is  probably  one  of  the  best  in  use  for 
lining  b.  ected  to  a  heavy  weight  and  wear. 

I?.      ^ooipoxition     of     llc.iriiii*      \lcl;iK. — Table    IV 

^  the  con  prominent  of"  the  bearing 

.1  in  tlu-  Pennsylvania  Railro..  itory 

at  Altoor 


\M> 

i:i.      IMiosplioi  ox        a    soft,  translucent,  colorless  solid 
of  a  waxy  con  ,  having  a  specific  gravity,  when  solid, 

S3,   and  a  melting   point   of    111     F.      It    increases  the 
ity  of  some  a  ad   increases  the  strength  and  duc- 

tility of  the  castings  made  from  them.      It  is  an  excellent 
flux  to  use  with  copper  because  of  its  deoxidizing  proper 

the  best  agent  known  for  reducing  the  shrinkage  of  the 
bras^  'tit  when  hot,  it  causes  the  metal  to  eat 

into  the  fact-  i  »ld,  and  so  produces  rough  castings; 

for  this  reason  the  best  results  are  secured  with  soni-    |>ims- 
phoi -in  oo/.c    castings    when    they   aie   made    in    dry-sand 

Ph  "f  castings  that  are  snb- 

ject«-'  .   and   will   cause  them    to   Cfack 

readily.      It   ;  1  with   l»r«'n/.c   in   amounts  that   range 

1  per  cent,  to  •'    per  cent.  ;   but    it 

does  not  ine  thoroughly  with  these  mix- 

tings,      It  is  lii-st 

added  to  alloys  of  ropprr,  tin.  and  lead  in  the  form  of  ; 
phor-copp<-r,    which    is   ropprr   containing    from    J    to   6   per 

\   melting  mpprr 

in   a  cm*  d    adding    tlie    i)hosph(»rns    in    the    manner 

1.        IMmsjihor-tin    is    made    by    melting    the 

tin  sepai  g  tin-   j>hosphonis  in   tin-  same  way 

Where  the  cpiantity  1  to  be  r.  iall  and   - 

:  tin-  ph-  ppct  or  phosplmr- 

tin,  •  alloy  in    : 

ly  described. 
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44.  Mixtures  for  Phosphor-Bronze  Bearing 
Metals. — Table  V  gives  the  composition  of  the  phosphor- 
bronze  used  by  three  of  the  prominent  railroad  companies 
of  the  United  States. 

TABLK  V. 


MIXTURES   FOR    PHOBPHOB-BRONZE    BRAKING    METAL. 


Number  of 
Mixture. 

Copper. 
Per  Cent. 

Lead. 
Per  Cent. 

Tin. 
Per  Cent. 

Phosphorus. 
Per  Cent. 

I 

79.0 

10.6 

10 

I  .0 

2 

79-7 

9-5 

10 

.8 

3 

79-7 

10.  o 

10 

•3 

SCRAP  METAL  FOR  BRASS  AND  BRONZE  CASTINGS. 

45.  In   the   discussion   of    alloys,    it   has    been  so  far 
assumed  that   new  metal  was   used.     As  a  rule,  however, 
brass  founders  use  more  or  less  scrap  metal,  and  many  use 
scrap  entirely,  adding  copper  or  lead  to  soften  the  mixtures, 
and  tin  or  antimony  to  harden  them ;  zinc  is  often  used  as 
an   intermediate  metal   to  change  them   slightly,   vary  the 
color,  increase  the  fluidity,  and  to  act  as  a  flux.     Further- 
more,  phosphorus  and  lead  are  used   to  give  the  peculiar 
qualities  that  they  impart.     In  using  all  scrap  metal,  foun- 
ders mix  the  scrap  in  such  proportions  as  to  regulate  the 
color,  degree  of   hardness,  etc.   that    they  wish   to  obtain, 
and  so  save  the  expense  of  new  metal. 

46.  Grading    Scrap    Brass. — Scrap  brass  is  graded 
by  the  color  of  its  fracture,  and  is  known  as  yellow,  red,  or 
white  brass.     The  yellow  brass  is  the  most  difficult  to  sort 
as  to  quality,  as  it  may  have  any  of  the  properties  of  the 
others,  and,  hence,  is  best  used  in  small  quantities  in  con- 
junction with  the  other  varieties. 
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When  the  scrap  has  a  reddish -colored  fracture,  it  is  gen- 
erally an  indication  that  it  is  rirh  in  copper,  ami 
metal;  if  it  has  a  light-colored  fracture,  it  is  assumed  that  it 
h  in  tin  <>r  antimony,  or  both,  and  is  hard.  By  taking 
equal  parts  of  each  of  these  alloys  and  mixing  them  with 
from  one-fourth  to  one-half  of  good  copper,  usin^  a  small 
quantity  of  lead  in  the  molten  metal  to  act  as  a  flux,  an 
excellent  metal  for  journals  and  thick  machinery  eastings  is 
obtained. 

When  putting  the  lead  in  as  a  flux,  the  molten  metal 
should  be  thoroughly  stirred  with  a  rod  around  the  sides  of 
the  crucible;  in  fact,  this  should  be  done  with  all  scrap  mix- 
tures, as  well  as  with  new  metal,  as  it  assists  in  bringing  the 
oxides  and  occluded  gases  to  the  surface,  where  they  ma 
removed  or  will  pass  into  the  air.  In  skimming  the  oxides, 
it  is  well  to  remember  that  new  surfaces  are  being  exposed  to 
the  air  to  form  more  oxides,  and  that  the  sooner  the  metal  is 
poured  after  being  skimmed,  the  better  is  the  chance  of  get- 
ting clean,  sound  castings. 

17.  r»lnit  Bra  AS  Boring**  nnd  Turnings. — Where 
the  brass  foundries  are  operated  in  connection  with  machine 
shops,  there  are  usually  quantities  of  borings  and  turnings 
i  the  shop  to  be  used  in  the  foundry.  In  such  cases  t  la- 
borings,  etc.  are  packed  in  a  crucible  and  melted,  after 
which  solid  scrap  or  new  metal  is  added  and  melted  and 
mixed  with  the  scrap,  the  mixture  then  being  treated  as 
though  only  solid  material  had  been  used.  No  iron  chips 
should  be  introduced  with  the  mixture.  Where  there  ar? 
iron  filings  and  chips  in  the  mixture,  they  may  be  removed 
by  the  aid  of  a  magnet  or  by  running  the  mixture  through 
a  magnetic  separator. 

IS.  l/cpnrf  on  .linn  M.I  I  lU.i  i  ing  McCain. —  In  a 
report  from  a  prominent  railroad  master  mechanic  on  jour- 
nal bearing  metals,  the  advisability  of  making  the  bearings 
entirely  of  new  metal  or  mostly  of  scrap  material,  is  dis- 
cussed as  follows  manifestly  absurd  to  charge  all 
•orts  of  disreputable  scrap  into  a  crucible  and  expect  to  pour 
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out  high-grade  phosphor-bronze.  The  ordinary  run  of  scrap 
available  for  use  in  car  bearings  is  found  to  contain  zinc  and, 
generally,  an  insufficient  amount  of  tin.  The  presence  of 
zinc  in  moderate  quantities  is  not  necessarily  a  serious  detri- 
ment, as  more  or  less  zinc  is  vaporized  off  in  the  melting. 
If  tin  is  lacking,  its  deficiency  should  not  go  unfilled; 
enough  tin  should  be  added  to  form  a  proper  alloy  and  give 
the  metal  fluidity.  Of  course,  tin  is  a  high-priced  metal, 
but  its  moderate  use  is  often  necessary  to  obtain  proper 
results.  As  is  well  illustrated  under  the  microscope,  lead 
does  not  chemically  alloy  with  the  bronze,  but  is  held  in  the 
mixture  mechanically,  very  much  as  water  is  held  in  a 
sponge;  as  much  lead  should  be-added  as  the  alloy  will  hold 
up  or  absorb.  This  is  desirable  for  a  twofold  purpose: 
lead  improves  the  bearing  qualities  of  the  alloy  and  at  the 
same  time  cheapens  the  cost  per  pound.  One  of  the  most 
troublesome  conditions  encountered  in  the  production  of 
bronze  bearing  metals  is  the  great  affinity  that  oxygen  has 
for  copper  and  its  alloys  in  the  molten  state.  If  care  is  not 
taken  in  excluding  oxygen  from  the  metal,  the  resulting 
bearing  on  being  fractured  will  show  discolored  oxide  spots, 
which  in  a  car  bearing  is  fatal  to  cool  running.  The  oxide, 
being  harder  than  the  unoxidized  portion  of  the  metal,  is  pretty 
certain  to  give  trouble,  for  the  hard  spot,  if  occurring  in  the 
bearing  surface,  is  almost  certain  to  form  the  nucleus  for  a 
*  copper  spot '  and  be  the  cause  of  a  hot  bearing." 
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HEATING  DEVICES 


FORGES 

STATIONARY    FORGES 

1.  Brick  Forge. — A  forge  is  an  open  fireplace,  or 
hearth,  with  forced  draft,  arranged  for  heating  iron,  steel, 
and  other  materials.  A  very  serviceable  form  of  brick 
forge  is  shown  in  Fig.  1.  The  hearth  is  usually  rectangular 
in  shape,  and  26  or  28  inches  in  height.  For  ordinary  work, 
the  front  ab  may  be  from  2i  to  3  feet  long,  and  the  side  £4 
from  3  to  4  feet  long.  An  iron  water  trough  6  to  8  inches 
wide  is  often  fastened  along  the  side  b  c.  The  brickwork  is 
usually  built  with  a  space  /  in  the  top,  for  the  fire  and  fuel. 
The  depth  of  this  space  varies  greatly,  according  to  the  work 
and  the  ideas  of  the  workman,  but  it  is  usually  from  4  to 
8  inches;  the  bottom  consists  either  of  brickwork  or  of  an 
iron  plate,  supported  on  bars. 

The  forge  is  usually  provided  with  a  hood  to  catch  the 
smoke  and  lead  it  into  the  stack  or  chimney;  Fig.  1  shows  a 
sheet-iron  conical  hood  attached  to  the  chimney,  but  the  hood 
may  be  square  and  is  sometimes  built  of  brick. 

Where  there  is  plenty  of  room  in  the  smith  shop  and  the 
blast  is  supplied  by  hand  power,  the  brick  forge  is  the  type 
most  frequently  used.  The  advantages  claimed  for  it  are 
that  it  is  little  affected  by  the  moisture  of  the  atmosphere, 
costs  less  for  repairs  than  the  iron  forge,  and  the  form  of  the 
hearth  may  be  quickly  and  easily  changed  to  suit  the  require- 
ments of  the  various  classes  of  work. 
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J.     Forge  Tuyfcree.—  The  bottom  of  tli  hown  in 

1  has  a  suitable  opening  cut  in  it,  in  which  is  lilted  a 
onounced  tweer  iron),  sometimes  called  an 
Wind    toff,    for  tin-   purpose  of  admit- 
ting air  under  the  fire.     The  bottom  of  the  tuyere  iron  has 
an  opening  about  the  same  size  as  the  opening  cut  in  the 


be  forge.    This  o\><  <-d  by  a  valve  of 

iron  by  means  of  th<  han  ; 

In  Fig.  2  is  shown  a  section   of  one   form  of    Umn    inm 
commonly  used.     It  has  an  oj>-  tie  aide,  ;m«l  < 

'n    'ts    t  mnnrrtrd     with    a    pipe 

The  top  opening 
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is  usually  capped  with  a  nozzle  b,  and  fitted  with  a  valve  c. 
This  valve  is  made  so  that  it  will  admit  air  to  the  fire  and 
permit  the  cinders  to  drop  into  the  bottom  e  of  the  tuyere 
iron.  Between  heats,  or  when  the  blast  is  shut  off,  the  cinders 
are  dropped  from  the  tuyere  iron  into  a  cinder  pit  by  opening 
the  valve  /,  which  is  hinged  at  h  and  operated  by  the  rod  k. 

The  nozzle  v,  Fig.  1,  and  b,  Fig.  2,  with  the  valve  c  at  the 
top  of  the  tuyere  iron,  is  called  the  tuyere.  The  valve  is 
controlled  by  the  handle  shown  at  k,  Fig.  1.  A  separate 
valve  not  shown  in  Fig.  2,  but  shown  at  /,  Fig.  5,  controls 
the  amount  of  the  opening  for  the  air  supply.  The  top  of 


FIG.  2 

the  tuyere  is  usually  so  placed  that  it  comes  3  or  4  inches 
below  the  level  of  the  top  of  the  brickwork,  abed,  Fig.  1, 
and  from  12  to  15  inches  in  front  of  the  chimney.  The  bot- 
tom of  the  fire  space  is  occasionally  covered  with  clay  hol- 
lowed into  a  cup  shape  around  the  tuyere.  In  doing  this, 
care  must  be  taken  to  work,  or  temper,  the  clay  to  a  proper 
consistency,  for  the  stiffer  it  is,  the  less  it  will  shrink 
and  crack.  Strong  brine  is  often  used  to  moisten  the 
clay,  as  it  keeps  the  bed  from  burning  out  too  quickly.  The 
space  about  the  tuyere  is  also  sometimes  packed  with  cinders 
to  the  level  of  the  tuyere.  Suitable  space  is  provided  in  the 


BLACKSMITH-SHOP  EQUIPMENT 


5. '.6 


forge  bo  the  free  movement  of  the  handles  k  and  s, 

sometimes  by  ^  them  in  pieces  of  wrought-iron  pipe. 

Fig.    3    sh<  ther 

common  style  of  tuyere 
iron  which  is  of  cheaper 
simpler  construction 
than  that  shown  in  i;ig.  2. 
The  dish-shaped  nozzle  b 
has  IX  hole  in  the 

bottom,    below    which    is 
the   valve   c.     By  turning 

rod   </,   the  v. 

brought  into  different  posi- 
.    thus    increasing    or 
diminishing    the    opening. 
The  blast  enters   through 
;>ipe  /.     The  tube  e  is 
closed  at  the  lower  end  by 
the  shutter  /.     When  cin- 
ders have  c<>  the  shutter  /  is  opened  by  means 
of  the  rod  k  and  the  cinders  dropped  out. 


« 


3.     «  ctimes   a   combi: 

brick  n  forge  is  made  1  taunted  ^ -inch 
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or  3-inch  angle  iron,  about  3i  or  4  feet  by  6  feet,  on  angle- 
iron  legs,  as  shown  in  Fig.  4.  The  bottom  is  formed  of 
•9"  X  2"  iron  strips,  supporting  a  layer  of  common  red  brick. 
The  tuyere  iron  is  attached  to  two  of  the  £-inch  iron  strips, 
and  the  bottom  of  the  hearth  is  covered  with  clay  or  cinders. 

4.  Iron  'Forge. — The  iron  forge  is  made  with  a  cast-iron 
bowl  supported  on  legs.  The  tuyere  iron  is  fastened  in  the 
bottom  of  the  bowl  and  the  air  blast  is  supplied  either  from 
a  stationary  blower,  or  bellows,  or  from  a  small  blower 
secured  to  the  forge.  The  blower  may  be  driven  by  a 
crank,  a  treadle,  or  a  lever  working  with  a  ratchet.  Fig.  5 
shows  an  iron  forge  which  is  suitable  for  either  stationary  or 


FIG.  5 

portable  use.  It  has  no  hood  to  obstruct  the  handling  of 
the  work.  The  blast  is  supplied  from  a  blast  pipe  or  from  a 
small  portable  blower  mounted  on  a  separate  stand;  a  is  a 
rest  for  the  tongs  or  long  pieces  of  work;  it  is  supported  by 
the  rod  b\  c  is  the  coal  trough  and  d  the  water  trough;  e  is 
the  top  of  the  tuyere;  /  is  the  valve  in  the  blast  pipe;  and  g 
the  cinder  valve  at  the  bottom  of  the  tuyere  iron. 


PRODUCTION    OF    BLAST 

5.  The  Bellows. — The  air  blast  is  produced  either  by 
means  of  a  rotary  fan  or  blower,  or  by  a  bellows.  The 
bellows  illustrated  in  Fig.  6  consists  of  two  parts.  These 
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are  separated  by  a  partition,  and  the  air  from  the  lower  half 
is  forced  through  the  valves  /  in  the  center  board  into  the 
upper  chamber,  \\  ;s  stored  for  use.  The  bello\\ 

hung  from  the  center  board  by  pins  w,  and  as  the  1 
board  is  drawn  up,  the  air  in  the  lower  part  is  forced  through 
the  valves  /  into  the  upper  chamber,  inflating  it  ai. 
the  top  board.     As  the  bottom  board  descends,  the  va! 
close  and  the  c  open,  allowing  air  to  flow  in  and  fill 

the  space  below  the  center  board.     By  placing  a  weight  on 
the  top  board,  the  air  pressure  in  the  upper  part  is  increased. 
The   top   board   should   be   held  up   when   the    bellow 
idle    for   any   great   length   of    time,    to   keep   the   leather 
stretched  to  prevent  it  from  cracking.     This  may  be  done 


Pio.  6 

by  fastening   the   hook  /  in  a  chain   suspended   from    the 
ceiling.     With  this  care,  the  bellows  will  last  much  lor. 
for  if  the  upper  \  Iways  folded  together  when  not  in 

use,  the  leather  will  soon  crack  and  the  upper  part  will  be 
spoiled  while  the  lower  half  is  still  in  £ood  condition.     The 
operating  chain  or  rod  is  attached  to  the  hook  </,  and  th 
from  the  upper  part  discharges  through  the  tube  or  nozzle  h. 
The  leather  of  the  bellows  should  be  oiled  two  or  three 
times  a  year  with  neat's-foot  oil  or  harness  oil  to  preserve  it. 
1  before  cold  weather  sets  in.  so  as 
ike  it  j.  iring  the  winter.     On  a  cold  morning, 

the  bellows  should  be  started  slowly,  so  as  not  to  crack  the 
leather  while  it  is  stiff  with  the  cold. 
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6.  Rotary  Blower  or  Fan. — The  rotary  blower  or 
centrifugal  fan,  Fig.  7,  has  a  number  of  blades  set  nearly 
radially  on  the  shaft  and  placed  within  a  cylindrical  iron 
casing,  with  inlet  holes  d  concentric  with  the  shaft  on  each 
side,  and  an  outlet,  opening  into  the  delivery  pipe  kt  at  the 
periphery  of  the  casing.  The  shaft  is  driven  by  a  belt  passing 
over  a  pulley  e.  The  centrifugal  force,  caused  by  the  rapid 
rotation  of  the  blades,  throws  the  air  outwards,  that  is,  away 
from  the  center.  The  air  close  to  the  shaft  rushes  in  through 
the  opening  d,  to  fill  the 
space,  and  so  a  constant 
blast  is  maintained. 

For  small  forges,  hand- 
driven  rotary  fans  are  very 
frequently  used.  There 
are  a  number  of  styles 
on  the  market  driven  by 
cranks  either  through 
trains  of  gears  or  through 
belts.  These  portable 
hand  blowers,  however, 
are  used  more  in  small 
smith  shops  than  in  black- 
smith shops  connected 
with  manufacturing  plants. 

One  of  their  principal  advantages  is  that  they  take  up  less 
room  than  the  bellows  and  are  in  many  cases  capable  of  pro- 
ducing a  much  greater  blast  pressure.  A  good  hand  blower 
should  be  so  constructed  that  it  can  run  in  either  direction 
without  drawing  ashes  back  into  it.  Power-driven  fans  may 
be  operated  by  a  belt  from  a  pulley  on  the  line  shafting,  by 
belting  from  an  electric  motor,  or  by  direct-connected  motor. 

Several  forms  of  blast  gates  are  used  in  the  blast  pipes 
of  power  fans.  These  should  be  so  placed  that  they  may  be 
conveniently  operated  by  the  smith  while  working  at  the 
forge.  The  blast  gate,  when  closed,  completely  shuts  off 
the  air  supply,  but  when  opened,  admits  the  blast  to  the 
tuyere;  it  can  be  set  so  as  to  supply  the  blast  to  suit  the 
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work.     There  are  two  general  styles  of  gates  for  controlling 
the  air  pressure;  one  is  an  ordinary  damper  like  that  placed 
in  a  stovepipe,  and  the  other  is  a  slide  tli.it  can  be  ; 
or  drawn  out  through  an  opening  in  the  side  of  the  air  : 

7.  ri»-itlve  Rotary  Hl<»"  <-r.  -A  positive  blower  dii 
from  a  fan  in  that  it  has  two  rotating  pistons  placed  with 
their  axes  parallel  and  geared  together  at  either  one  or  both 
ends  with  gears  of  equal  diameter.     Th  t,   or   air 
impellers,  have  curved  sides,  and  are  so  placed  with  i 
ence  to  each  other  that  they  mesh  correctly;  they  are,  in 
cycloidal  gears  with  two  teeth  each.     Because  of  this  com- 
bination   of    form    and 
arrangement  of  th- 
ine blast  proc; 

by  the  positive  type  of 
blower  differs  from  that 
of    the    fan     previously 
bed.    This  blower 
delivers  a  definite  quan- 
tity of  air  under  pres- 
sure   into   the    delivery 
pipe  at  each  revolution 
u  ^  of    the    pistons.     Tims 

, 

the    air   may    be    forced 

through  an  opening  agair.  ,  such  ying 

amount  of  cinders,  coal,  or  met  n^  a  tuyere.     A  blast 

of  this  character  is  called  a  posh  l\  <    MUM,  and  machines  for 
producing  it  are  called  positive  MOW,  r-. 

Fig.  8  is  a  sectional  view  of  one  form  of  these  rotary 
blowers  taken  at  right  angles  to  the  axes  of  the  pistons.  The 
arrows  at  a,  a  show  the  directions  of  rotation  of  the  pistons, 
and  the  direction  of  the  air  at  the  intake  and  delivc 
This  same  form  of  blower  is  sometimes  connected  to  small 
forges  and  operated  by  hand. 

8.  Water  Gauge. — For  measuring  the  blast  pressure, 
a  water  fnuiffe  is  generally  used.     A  simple  n  be 
made  by  bending  a  1-inch  glass  tube  to  the  shape  shown  in 
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Fig.  9.  The  tube  is  fastened  to  a  board,  and  a  scale,  gradu- 
ated in  inches,  is  made  to  slide  vertically  between  the  two 
parallel  arms  of  the  tube.  The  air  pipe,  having  a  stop-cock 
at  s,  is  then  connected  at  c  and 
the  end  a  is  left  open.  Water  is 
poured  into  the  tube  until  it  rises 
'to  the  height  d  in  both  tubes. 
The  stop-cock  s  is  then  opened, 
and  the  air-blast  pressure  forces 
the  water  up  in  tube  a\  the  scale 
is  then  moved  into  position  so  that 
the  zero  mark  is  on  a  line  with  the 
water  level  in  the  shorter  tube,  and 
the  reading  is  taken  at  the  level  of 
the  water  in  the  long  arm.  Ordi- 
narily, a  blast  of  from  4  to  6  ounces 
pressure  to  the  square  inch,  or, 
approximately,  7  to  10  inches  of 
water,  is  used  for  a  blacksmith's 
forge.  A  pressure  of  1  pound  to 
the  square  inch  is  equal  to  the 
pressure  of  a  column  of  water 
with  an  area  of  1  square  inch  and 

27.7  inches  high;  and  the  pressure  of  1  ounce  to  the  square 
inch  is  equal  to  a  pressure  of  1.73  inches  of  water. 


DISPOSAL    OF    SMOKE    AND    GASES 

9.  Hoods  and   Chimneys. — In   the    case   of    a    single 
stationary   forge    like   that    shown   in    Fig.    1,   the    gas  and 
smoke    from   the    fire    are    usually    drawn    up    through    the 
hood  by  the  natural  draft  of  the  chimney.     Where  the  forge 
stands  in  the  center  of  the  room,   the  hood  is  sometimes 
suspended  over  it  and  connected  with  a  sheet-iron  chimney 
going  straight  up  through  the  roof.     If  these  chimneys  are 
provided  with  some  form  of  top  which  will  insure  a  draft  no 
matter  which  way  the  wind  blows,  they  are  quite  efficient. 

10.  Overhead    Exhaust    System. — In    the    overhead 
exhaust  system,  a  hood  is  hung  over  each  fire  and  the  pipes 
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from  the  hoods  are  carried  to  a  common  exhai,  from 

which  the  smoke  is  drawn  by  means  o: 

is  positiv  d  gives  quite  efii  ,  but 

the  suspended  hoods  and  pipt  ••quently  in  the  way  of 

•  s  or  other  handling   devices;   they  also   obstruct   the 
light  to  a  certain  degree. 

1  1.      l>ii\vii- Draft    syMi-in.  —  In  the  down-draft  sys; 
the  hood  is  placed  at  one  side  of,  and  extending  partly  over, 
the  fire,  and  is  connected  by  an  underground  pipe  with  a  fan, 
which  draws  the  smoke  and  gases  into  the  hood  and  through 

the  pipe.  A  forge 
Bilged  for  use  with 
this  system  is  shown 
in  Fig.  10.  Some- 
times the  fan  that 
,usts  the  smoke 
is  so  arranged  that  it 
returns  a  portion  of 
the  smoke  and  air  to 
the  forge  as  an  air 
blast.  As  ten  or 
twelve  times  as  much 
air  as  smoke  enters 
the  hood,  the  mi.v 
does  very  well  for  air 
blast.  Besides,  it  has 
the  advantage  of  being  warm.  When  thi 
only  one  .  the  portion  of  the  air  and  smoke 

torge  blast  being  delivered  outd- 
es,  howi  t  erred  to  use 

for  the  « 

required  at  a  higher  pressure  than  is  necessary  at  the  outlet 
of  the  exhaust  fan,  it  is  probable  that  the  doubl 

The  great .-m  advantage  of  the 

down-draft  systen  space  above  the  forgr 

for  the  use  of  cranes  or  handling  devices,  and  that  there  are 
no  pipes  to  obstruct  the  light. 
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12.  Blast  Pipes. — The  fan  or  blower  should  be  located 
as  close  to  the  forge  as  possible,  and  care  should  be  taken 
to  avoid  unnecessary  bends  in  the  pipe,  because  there  will  be 
considerable  loss  in  pressure  when  forcing  air  through  a  long 
pipe  or  one  having  abrupt  bends.  The  bends,  if  any,  should 
be  made  in  easy  curves.  In  cases  where  a  large  number  of 
forges  are  supplied  with  air  from  one  fan,  or  blower,  care  must 
be  taken  to  proportion  the  various  branches  of  the  pipe  sys- 
tem correctly.  The  fan  or  blower  must  be  run  at  a  speed  that 
will  give  more  than  4 
ounces  pressure  near 
the  fan,  in  order  to 
allow  for  the  loss  of 
pressure  in  the  pipe 
and  insure  the  proper 
pressure  at  the  tuyere. 
The  manufacturers  of 
fans  and  blowers  fur- 
nish tables  giving  the 
proper  sizes  and  pro- 
portions of  blast 
pipes. 


FIG. 11 


13.  Danger  of 
Explosion.  —  Some- 
times coal  gas  works 
back  into  the  blast 
pipe  when  the  fan  is 
not  running,  as  at 
noon,  forming  a  mixture  of  gas  and  air  that  may  explode  and 
burst  the  pipe  when  the  fan  is  started.  This  is  particularly  the 
case  if  the  blast  pipe  is  overhead.  The  danger  of  explosion 
may  be  prevented  by  having  one  or  more  valves  in  the  top  of 
the  pipe,  as  shown  in  Fig.  11,  to  allow  the  gas  to  escape.  The 
valve  a  is  made  of  thin  sheet  iron,  and  is  held  up  by  the  blast 
when  the  fan  is  running,  but  drops  on  cross-wires  b  and  per- 
mits the  gas  to  escape  when  the  fan  is  not  running.  A  top  view 
of  this  valve  is  shown  at  c\  it  is  3  inches  or  more  in  diameter. 
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14.  Ventilation. — The  ventilation  of  large  blacksmith 
shops  in  which  heavy  work  is  done  is  a  difficult  problem. 
Probably  the  best  way  of  warming  is  by  hot  air  blown  into 
the  shop  through  numerous  openings  near  the  floor.  This 
tends  to  provide  fresh  air  near  the  floor,  while  the  smoke 
may  be  removed  from  the  upper  part  of  the  room  either  by 
opening  ventilators,  or  overhead  windows,  or  by  the  use  of 
fans.  Sometimes  all  these  methods  are  used  together. 


PORTABLE    FORGES 

15.  I '<>rt  a  hi.  forges  are  those  that  may  be  moved 
about  easily.  They  are  of  various  designs  and  constructions, 
in  order  to  meet  the  requirements  of  special  classes  of  work. 

For  example,  some 
classes  of  work  miyht 
have  to  be  done  by 
blacksmiths,  others  by 
machinists,  bridge  build- 
ers, boilermakers,  etc. 
There  are  many  kinds 
of  work  to  which  these 
forges  are  adapted,  but 
they  are  especial! y 
ful  when  work  is  done 
away  from  the  shop. 

Fig.  PJ  shows  a  port- 
able forge  that  is  much 
used  for  heating  i 
It  has  a  cast-iron  b 
supported  on  legs  made 
of  iron  pipe.     The  blast 
is  supplied  trom  a 

rot  ,1  be- 

neath   the    bowl.     The 

fan  is  operated  by  the  lever  b,  connected   with   a   second 
lever  <t,  whirl.  end  that  engages 

with  ratchet  teeth  on  !e  of  the  gear  c. 
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FORGE  FIRES 


FUELS 

16.  Coal. — The  fuel  that  is  most  commonly  used  on 
blacksmiths'  forges  is  bituminous  coal,  usually  called  soft 
coal.     It  is  broken  into  small  pieces,  and  when  free  from 
sulphur  and  phosphorus  and  of  good  quility  is  excellent  for 
this   purpose.     A   fuel   containing  either  sulphur  or  phos- 
phorus should  be  avoided,  as  they  will  be  absorbed  by  the 
iron.     Sulphur  makes  the  iron  hot  short,  that  is,  it  makes 
it  brittle  while  hot;  and  phosphorus  makes  it  cold  short, 
that  is,  brittle  when  cold. 

Some  grades  of  bituminous  coal  burn  too  rapidly,  and  some 
contain  too  much  earthy  matter  to  give  a  free-burning,  clean 
fire  producing  a  proper  heat. 

Anthracite  culm  or  hard-coal  sif tings  may  be  used  at  times, 
but  this  fuel  is  apt  to  contain  a  larger  percentage  of  impurities 
than  soft  coal.  In  order  to  use  it,  careful  attention  must  be 
given  to  the  blast,  and  in  any  case  it  will  not  make  a 
hollow  fire. 

17.  Coke. — Coke  is  a  solid  fuel  made  from  bituminous 
coal  by  heating  it  in  the  fire  or  in  ovens  until  its  volatile  or 
gaseous  constituents  are  driven  off,  the  solid  portion  not 
being  consumed.     If  the  coal  contains  sulphur  and  phos- 
phorus,  these    impurities   will    always   exist    in    the  coke, 
although  a  portion  of  the  sulphur  may  have  been  driven  off 
by  the  heat  in  coking. 

18.  Charcoal. — Another   solid  fuel   made  by  artificial 
means    is    charcoal.     It   is   the   best   fuel   because    of    the 
small  amount  of  impurities  that  it  contains.     It  is  unrivaled 
for  heating  carbon  steels,  giving  a  clean  fire,  free  from  sul- 
phur and   other  objectionable  matter.     A  charcoal  fire  is, 
however,  not  suitable  for  heating  high-speed  steels,  as  it  is 
impossible    to    get    the  high   temperature    required.     Char- 
coal made  of  maple  or  other  hardwood  is  the  best.     Some 
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manufacturers  of  twist  drills,  reamers,  milling  and  other 
cutting  tools,  use  charcoal  exclusively.  The  objections  to 
this  fuel  are  that  its  cost  is  high  and  that  it  heats  the  work 
more  slowly  than  coal.  

i  1  KB    AND    TIRE-TOOLS 

19.  The  Fire.  —  In  the  combustion  of  fuel  (chare 
coal,  or  coke),  the  oxygen  of  the  air  combines  chemically 
with  the  carbon  of  ftie  fuel.  This  chemical  combination 
duces  heat;  the  temperature  attained  depends  on  the  raj 
with  which  the  combination  takes  place,  and  the  amount  of 
heat  depends  on  the  amount  of  carbon  and  oxygen  com- 
bined within  a  given  period  of  time.  Under  ordinary  con- 
ditions, the  combustion  would  not  go  on  rapidly  enough  to 
generate  sufficient  heat  to  raise  iron  or  steel  to  the  tem- 
perature necessary  for  working  it  under  the  hammer.  Hence, 
the  draft  must  be  increased  in  order  to  supply  more  oxygen 
to  the  fuel,  and  thus  increase  the  rate  of  combustion.  It  is 
possible,  however,  to  supply  too  much  air  and  blow  out  the 
fire,  because  too  much  cold  air  will  chill  the  hot  coals  below 
the  temperature  at  which  the  oxygen  will  combine  with  the 
carbon;  or  it  may  only  lower  the  temperature  by  using 
the  heat  of  the  fire  to  warm  the  excess  of  air  that  passes 
through  it.  The  greatest  objection,  however,  to  an  excess 
of  air  is  that  too  much  oxygen  will  be  supplied  to  the  fire, 
and  some  of  it  will  combine  with  the  hot  iron,  forming 
«.\M<-  <>r  i run,  which  is  the  black  scale  that  falls  from 
heated  iron  while  being  forged.  A  fire  supplied  with  an 
excess  of  air  is  called  an  oxi.ii/ii.^  fire,  but  if  all  the 
oxygen  is  used  in  the  combustion  and  there  is  an  cxct 
carbon,  the  fire  is  called  a  rciim-intr  n,«  . 

A  good  way  to  start  the  fire  is  to  heap  coal  all  around  the 
tuyere  to  a  depth  of  2  or  3  inches,  leaving  the  t  i  cov- 

ered.    A  handful  of  shavings  or  some  oily  waste  is  set  on  fire 
and  put  into  the  opening  over  the  tuyere,  and  a  small  quan- 
tity of  fuel  is  spread  over  it.     The  blast  is  turned  on 
lightly,  and  as  the  fire  burns  up,  more  fuel  is  added,  and  the 
blast  is  increased.     A  conical  block  of  wood  is  sometimes 
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used.  The  block  is  put  over  the  tuyere  with  the  small  end 
down,  and  the  coal  packed  about  it.  The  block  is  then 
taken  out  and  shavings  put  into  its  place,  and  the  fire  started. 
If  coal  is  used  for  fuel,  it  is  well  to  coke  a  quantity  of  it 
before  putting  the  iron  into  the  fire.  The  fire  is  kept  from 
spreading  by  sprinkling  water  around  the  edges.  The  fire 
should  not  be  allowed  to  burn  too  low,  because  this  makes 
it  necessary  to  place  the  iron  nearer  the  tuyere  and  brings  the 
hot  iron  too  near  the  cold  blast.  For  this  reason,  the  blast 
must  always  have  a  good  bed  of  fire  to  pass  through  before 
coming  in  contact  with  the  iron  that  is  being  heated.  The 
hot  iron  should  not  come  in  contact  with  the  fresh  coal.  As 
the  fuel  is  burned,  the  coke  is  brought  toward  the  center  and 


FIG.  13 

fresh  fuel  is  added  on  the  outside  of  the  heap,  where  it  can 
coke  slowly.  The  fire  must  always  be  kept  clean,  all  cinders, 
ashes,  and  scraps  of  iron  being  removed.  Care  should  be  taken 
to  prevent  lead  and  Babbitt  metal  from  getting  into  the  fire, 
as  they  are  objectionable,  particularly  if  welding  is  to  be  done. 
If  the  fire  is  not  to  'be  used  for  some  time,  it  may  be  held 
by  putting  a  stick  of  hardwood  into  the  fire  and  pounding  the 
fuel  down  around  it.  The  blast  is  then  turned  on  gently  for 
a  few  moments  to  liven  it  up  well.  After  this,  it  may  be 
left  without  a  blast  for  an  hour  or  more,  and  can  be  restarted 
by  turning  on  the  blast.  The  ashes  and  cinders  are  then 
raked  out  and  blown  out  with  the  blast,  or  dropped  through 
the  tuyere  into  the  cinder  pit. 
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20.     Forms  of  Fire. — The  fire  may  be  maintained  either 
open  or  hollow.     In  the  open   fh 

place  on  top  of  the  heap  over  the  tuyere;    while    in   the 
IH.MMW    fir*-,  a  section  of  which  is  shown  in  Fig.  13,  the 
combustion  takes  place  inside,  the  top  being  roofed 
with  coke  and  coal.    A  hole  is  left  in  front  for  the  iron. 
advantages  of  the  hollow  fire  are  t  much  hotter  than 

the  open  fire,  as  the  hot  roof  radiates  heat  as  well  as  tl. 
sides  and  bottom,  and  it  also  heats  the  iron  more  evt 
and  thus  lessens  the  chilling  by  contact  with  the  outside 

-I.     Fire-Tools.—  The   following    fire-tools   should    be 
provided  for  each  forge:    A  p<»u«-r.  Fig.  14  (a),  which 
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rod  of  iron  or  steel  about  I  inch  in  diameter  and 
20  inches  long,  with   a   handle  at  one  end;    a   flr«--hn.,u. 
Fig.  14  (£),  which   is   similar  to  the  poker,  hut   has  a  hook 
bent  on  one  end;  a*lm\« -i.  Fig.  14  (r),  which 
iron  blade  and  a  long  handle;  and  a  ^prinkirr.  Fig.  M  (</), 
which  consists  of  a  forked  iron  handle  sprung  into  holes 
in,  the  bottom  of  the  can  having  holes  punched  in  It 
the  escape  of  the  water.     This   is   used   for  cooling  • 
or  pieces  of  iron  and  for  keeping  the  fire  from  spreading. 
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BLACKSMITHING   TOOLS 


THE  ANVIL 

22.  Construction  of  the  Anvil. — The  ordinary  black- 
smith's anvil  is  shown  in  Fig.  15.  It  has  a  horn  a  on  one 
end,  around  which  bending  is  done.  The  body  of  the  anvil 
may  be  made  either  of  wrought  iron,  or  of  a  special  quality 
of  cast  iron,  or  it  may  be  a  steel  casting.  The  top  is  faced 
with  steel,  which  is  sometimes  planed  true  and  then  hardened, 
or  first  brought  approximately  to  shape  and  then  hardened 
and  finished  by  grind- 
ing. Anvils  having 
cast-iron  bodies  usu- 
ally have  unhardened 
steel  horns,  which  are 
tough  and  not  easily 
broken.  Anvils  hav- 
ing wrought-iron 
bodies  usually  have 
horns  of  the  same  ma- 
terial. It  is  claimed 
that  the  cast-iron 
body  gives  a  firmer 
backing  for  the  steel 
face  of  the  anvil  than 
does  wrought  iron.  The  face  of  steel  is  usually  hardened 
under  a  flow  of  water.  If  too  soft,  it  will  nick;  and  if  too 
hard,  it  is  liable  to  chip  at  the  corners  and  edges.  Anvils 
made  of  the  usual  qualities  of  cast  iron  are  brittle.  A  cast- 
iron  anvil  with  a  horn  of  the  same  material  cannot  be  used 
for  heavy  work  because  the  horn  is  liable  to  be  broken  off, 
which  is  not  the  case  with  the  wrought-iron  anvil.  For  light 
work,  however,  the  cast-iron  anvil  will  give  good  service. 
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FIG.  15 
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Square-faced  anv  >ut  horns  are  frequently  made  of 

cast  iron,  but  the  edges  chip  off  easily. 

The  face  of  the  anvil  is  straight  lengthwise,  as  shown 
from  i>  to  c,  Fig.  15,  but  it  is  slightly  crowned  crosswise 
from  b  to  dt  a  i  somewhat  exaggerated.  If  the  face 

of  the  anvil  were  perfectly  flat,  a  straight  piece  of  iron 
would  show  a  tendency  to  curl  u;  while  being  ham- 

mered when  hel«:  :    the  anvil,  and  unlcs 

held   perfectly  flat  on  the   anvil   it  would   sting  the   hand; 
besides,  there  would  be  danger  of  nicking  the  iron  win-- 
rests on  the  corner  of  the  anvil.     When  hammering  a  \ 
of  iron  on  the  cn>  e  of  an  anvil,  the  effect  of  the  blow 

is  more  nearly  confined  to  that  part  of  the  t\.  the 

hammer  thus  the  crowned  face  acts  to  some  extent 

like  a  bottom  fuller,  which  is  described  later.  A  portion  of 
the  edge  of  the  face  is  sometimes  rounded,  as  shown  at  </. 

At  the  right-hand  end  of  the  anvil  there  is  a  square  hole  e 
called  the  h.i  r«i  i<  imi«-.  In  which  cutting  and  forming  tools  are 
held.  The  small  round  hole  /  near  it  is  called  the  priti-in -I 
h"i«  ;  the  core  of  small  holes  is  punched  out  through  it. 

•J.'J.  •».  itin^r  an  Anvil.— The  anvil  should  be  placed  on 
a  solid  block  of  wood,  preferably  a  butt  end  of  oak,  and 
should  be  fastened  to  it  with  iron  strap  \\n  in  Ku 

or  with  staples.  Anvils  on  which  soft  metals  are  to  be 
worked  often  have  a  layer  of  leather,  felt,  or  cloth  beneath 
them.  The  heigl  anvil  should  be  such  that  when  the 

work  -ids  beside  it  his  knuckles  will  just  reach  its 

'_'  1  .  Ih.  \\.iLrli!  <.f  \nvlK. — The  weights  of  anvils 
vary  greatly;  small  ones  are  used  for  light  work  and  large 
ones  for  heavy  work.  An  average  anvil  will  weigh  from 
150  to  200  pounds.  Formerly,  most  of  the  anvils  used  in  the 
United  States  om  England.  These  generally 

have  the  wei^  >ed  on  the  side,  and  on  many  anvil 

given  in  hundredweiK  -I-  pounds  each.     If 

stands  facing  the  anvil,  with  the  horn  to  the  right,  the  weight 
is  generally  the  near  side;  the  figures 

toward  the  left  designate  the  number  of  hundredweights  of 
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112  pounds;  the  figures  in  the  center  denote  the  quarters  of 
a  hundredweight;  and  the  figures  at  the  right  side  show  the 
number  of  extra  pounds.  Thus,  if  an  anvil  is  stamped 
2-2-17,  it  means  2  hundredweight  of  112  pounds  each,  which 
is  224  pounds,  2  quarters  of  a  hundredweight,  which  is 
56  pounds,  and  17  pounds,  making  the  total  weight  of  the 
anvils  224  +  56  +  17  =  297  pounds.  However,  the  present 
practice  among  American  makers  is  to  stamp  their  anvils 
with  the  direct  weight  in  pounds. 


HAND     TOOLS 


HAMMERS    AND    SLEDGES 

25.  Classification. — Hammers  are  classified,  according 
to  weight,  as  hand  hammers,  hand  sledges,  and  swing  sledges; 
according  to  the  peen,  into  ball-peen,  shown  in  Fig.  16  (a), 
cross-peen,  shown  in  Fig.  16  (<£),  and  long-peen,  or  straight-peen, 
shown  in  Fig.  16  (c). 


(a) 


(b)  (c) 

FIG.  16 

26.  Hand  Hammers. — The  hand  hammer  is  made  to 
use  with  one  hand  and  is  handled  by  the  smith  himself.  It 
should  not  weigh  more  than  2i  pounds,  a  1-pound  hammer 
being  a  very  convenient  size  for  small  work.  The  handle 
should  be  well  formed,  elliptical  or  oval  in  section,  and  a 
little  thinner  toward  the  head,  as  shown  at  a,  Fig.  16  (a); 
this  is  done  to  give  it  a  spring,  in  order  to  avoid  stinging 
the  hand.  It  is  from  14  to  16  inches  long,  and  is  made 
of  a  size  that  will  fit  the  hand  comfortably.  A  handle  of 
improper  shape  is  apt  to  tire  or  cramp  the  hand.  It  should 
be  durable,  not  a  makeshift,  for  the  smith  soon  becomes 
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accustomed  to  a  hammer,  and  knows  what  effect  a  blow  will 
have.     It  is  dangerous  to  use  a  hammer  with  a  loose  head. 

•J7.     i land  81  edge. — A  hand  sledge,  sh< 
larger  than  the  hand  hammer.    It  weighs  from 
5  to  8  pounds  and  is  used  by  the  helper,  who 

holds  it  with   both   hands. 
•n  26  to  34 

inches    long,   and   not   so 

slender,  in  proportio: 

the  handle  of  the  hand  ham- 
mer.     In  striking  with  the 

hand    sledge,    the    helper 

holds  it  in  both  hands  and 

strikes    a    shoulder   blow; 

that  is,  he  raises  the  head  of 

the  sledge  to  the  shoulder 
and  strikes  from  this  position.     Both  large 
hammers  and  hand  sledges    are  frequently 
d  flogging  hammers. 

28.  Swing  Sledge. — The  swing  sledge, 
>rm  of  which  is  shown  in  Fig.  18,  weighs 
from  8  to  20  pounds,  or  more.  The  handle 
is  about  3  feet  long.  In  using  the  swing 
sledge,  the  helper  grasps  the  handle  near  the 
end  with  both  strikes  a  full-ann- 

swing  blow.  This  sledge  is  used  for  striking 
a  heavy  blow.  The  swing  sledge  is  also 
made  of  the  form  shown  in  Fig.  17. 

I'.a.l-IN-.-u       lljuiniM-r.— The 

peen,  or  <-hippin-  ha  m  m<  r,  shown 
in  Fig.  16  (a),  is  a  hand  hammer  t! 
has  the  peen  in  the  shape  of  a  ball. 
The    peen  is  used    in    riveting,    or 
where  it  ;ired   to   stretch   the 

metal  in  length  and  width,  or  for  working  in  a  hollow. 
80.      CrOf»s-IV.-n     llamim-p.       Th.     CTOSS-peM    ham: 

shown  in  Fig.  16  (6),  is  used  when  it  is  n 


ball- 
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the  metal  lengthwise,  but  not  crosswise.     The  cross-peen 
hand  hammer  is  also  used  for  riveting. 

31.  Ijong-   or   Stralght-Peen  Hammer. — The   long- 
peen  or  straight-peen  hammer,  shown  in  Fig.  16  (c),  is  used 
when  the  metal  is  to  be  spread  sidewise.     These  hammers 
are  made  of  different  weights,  and  are  selected  to  suit  the 
work  and  the  strength  of  the  smith;  a  good  set  of  hand  ham- 
mers consists  of  a  1-pound  ball-peen,  a  li-pound  straight- 
peen,  and  a  2-pound  cross-peen  hammer. 

32.  Material  Used   for   Hammers. — Hammers   were 
formerly  made  of  wrought  iron  or  mild  steel  and  faced  with 
tool     steel.      If    the 

whole  head  is  made 
of  tool  steel,  it  is 
liable  to  chip  and 
crack,  but  with  a 
soft  backing  this  is 
avoided  to  a  great  ex- 
tent. Hammers  made 
of  a  special  cast  steel, 
called  hammer  steel, 
are  much  used  at 
present,  and  give  en- 
tire satisfaction. 

33.  Hammer 
Handles.  — Hammer 
handles    should    be 
made    of    the   best 
quality    of    white, 
straight-grained,  sec- 
ond-growth hickory 
that  has  been  well  sea- 
soned.    The    handle 
should    be    carefully 
fitted   to   the  eye  in 

the  hammer  head  so  that  it  fills  the  eye  as  nearly  as  possible. 
The  handle  must  also  be  at  right  angles  to  the  hammer  head, 
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so  that  when  striking  a  blow  the  head  will  fall  squarely,  and 
not  on  the  edge. 

The  eye  in  the  hammer  head  is  generally  made  large 
its  ends  than  at  t:  handle  is 

properly  wedged,   it  will  spread   in   the  eye  and   hold   the 
handle  securely  in  the  head.     The  eye  is  wide: 
or  lengthwise,  and  often  in  both  directions  from  the  middle 
of  the  head  toward  the  outside. 

If  the  widening  is  sidewise  only,  but  one  wedge  is  used, 
as  shown  at  a,  Fig.  10  (n).  If  widened  at  the  top  and 
bottom,  and  not  at  the  sides,  two  wedges  arc  driven  cross- 
wise as  shown  at  at  Fig.  19  (b).  If  the  widening  is  in  both 
direc  vedges  are  used,  as  shown  in  Fig.  1 '  • 

or  three  wooden  wedges,  as  shown  in  Fig.  19  (d). 


FORMING    AND    CUTTING    TOOLS 

34.     Set  Hammers. — When  a  piece  of  work  is  of  such 

shape  that  it  cannot  be  reached  so  as  to  do  the  work  properly 

a  hammer,  a  set  hummer  is  used.     The  face  of  the 


set  h  Is  placed  on  t!  f  the  work  where  the  blow 

is  desired,  and  the  other  end  receives  the  hammer  or  sledge 

blow.     Sometimes  a  set  hammer  is  used  to  •  marring 

the 

not  readily  obtained  with   the   hammer.      i 

hammer^  ial  shapes  to  suit  uire- 

ments   of   the   various   classes   of   work.     The  -spuarc 
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hammer  shown  in  Fig.  20  (a)  is  used  to  produce  a  flat  sur- 
face, or  make  a  square  shoulder  or  offset. 

35.  Flatter. — The  flatter,  shown  in  Fig.  20  (3),  is  used 
for  the  same  class  of  work  as  the  square  set  hammer,  the  dis- 
tinction between  the  two  being  that  the  flatter  has  a  larger  face. 
For  this  reason,  the  flatter  is  used  to  flatten  down  a  surface  in 
finishing,  while  the  square  set  hammer  is  preferable  when  a 
square  shoulder  is  to  be  made  and  the  iron  well  driven  down. 

36.  Fuller.— The  fuller,  shown  in  Fig.  21  (a),  is  used 
in  spreading  the  iron.     Owing  to  its  shape  it  concentrates 


(<*) 


the  force  of  the  sledge  blow  on  a  small  surface  and  there- 
fore makes  it  more  effective  at  that  place.  The  fuller  spreads 
the  iron  at  right  angles  to  the  working  edges.  Its  action  is 
the  same  as  that  of  the  cross-peen  or  long-peen  hammer. 
It  is  also  used  for  hollowing  out  work. 

37.  Swage. — One  form  of  swage,  also  called  a  collar 
tool,  is  shown  in  Fig.  21  (b).  Swages  are  often  used  in 
pairs,  with  the  lower  half,  called  the  bottom  swage,  placed 
on  the  anvil  with  its  square  shank  in  the  hardie  hole. 

The  swage  is  usually  a  grooved  tool,  and  is  used 
principally  for  forming  and  shaping  bar  iron  or  rods  into 
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circular  or  hexagonal  sections.     It  is  also  used  for  forming 
flanges  or  collars  on  rods.     Each  swage  is  made  for  a  se 
of  a  certain  size.     An  assortment  of  four  or  more  swages 
is  generally  kept  at  hand,  hexagonal  swages  being  used  on 
bolt  heads  having  six  sides. 

38.  Punches. — Fig.  21  (c)  shows  a  square  punch,  and 
Fig.  21  (d)  shows  a  round  punch.     The  punch  is  tapered, 
being  small  at  the  point  and  increasing  in  size  toward  the 
handle.     The  hole  is  made  by  driving  the  punch  into  the 
iron,  and   is  then   stretched  by  driving  the  punch  through 
the  work  until  the  desired  size  is  obtained. 

39.  Cutters. — A  cold  cutter,  to  be  used  with  a  wooden 
handle,    is    shown    in    Fig.   22  (a),   and    a    hot    cutter    in 

Fig.  22  (b).  The  cutting 
edge  of  the  cold  cutter  is 
htly  convex,  and  is  ground 
so  that  it  is  more  blunt  than 
the  edge  of  the  hot  cutter. 
The  hot  cutter  is  drawn  out 
thinner  than  the  cold  cu: 
and  its  edge  is  sharper.  It 
is  used  for  cutting  hot  metal. 
When  properly  tempered  and 
ground,  the  cold  cutter  should 
hold  its  edge  when  cutting 
cold  iron  or  steel.  When  used 

for  this  purpose,  it  is  frequently  called  a  flotftflnjr  <-hU<  I. 
The  cold  cutter  cuts,  or  nicks,  and  at  the  same  time  wedges 
the  edges  of  the  .  ,  while  the  hot  cutter  makes  the  cut 

as  narrow  as  possible  so  as  not  to  batter  the  cut  ends.  The 
cold  cutter  is  used  to  nick  the  metal  all  around  so  that  it 
can  be  broken.  The  cutting  edge  should  be  lubricated  fre- 
quently by  pressing  it  into  a  piece  of  oiled  waste  or  by 
dipping  it  into  water. 

40.  For  cutting  off  rivet  heads,  a  cold  cutter,  similar 
to  the  punch  shown  in  Fig.  21  (</),  is  used.     The  end  of  the 
tool  is  formed  at  a  slight  angle  from  the  flat,  varying  from 
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20°  to  30°,  and  the  center  of  the  face  is  slightly  hollowed. 
For  cutting  down  a  straight  surface,  the  side  cutter  shown  in 
Fig.  22  (c)  is  frequently  used.  These  side  cutters  are  made 
either  right  or  left. 

ANVIL  TOOL.8 

41.     There  are  a  number  of  tools,  made  to  fit  into  the 
hardie  hole,  that  correspond  in  shape  to  the  set  hammers. 


The  results  obtained  with  them  are  similar  to  the  results 
obtained  with  the  corresponding  set  hammers.  Fig.  23  (a) 
shows  a  bottom  fuller,  which,  like  the  top  fuller,  is  intended 
to  spread  or  stretch  the  iron.  The  shank  of  the  fuller  fits 
into  the  hardie  hole  of  the  anvil. 

Fig.  23  (d)  shows  a  bottom  swage  with  a  single  groove. 
It  is  similar  to  the  top  swage,  and  they  are  ordinarily 
used  together.     Bottom  swages  are  frequently  made 
with  two  or  three  grooves  of  different  sizes  in  the 
same  block. 

The  hot  hardie  is  shown  in  Fig.  23  (c)  and  the 
cold  hardie  in  Fig.  23  (d}.  They  correspond  in 
shape  to  the  hot  and  cold  cutters.  The  hot  hardie, 
being  slender  and  ground  to  a  thin  edge,  is  suitable 
for  making  a  sharp,  clean  cut;  the  cold  hardie  is 
thicker  and  its  edge  is  ground  more  blunt,  so  that  it 
may  have  proper  strength  to  cut  cold  iron  or  steel.  [0] 

The  heading  tool,  shown  in  Fig.  24,  is  used  in 
forming  heads  on  the  ends  of  rods,  bars,  bolts,  and 
similar  work.     The  hole  through  the  head  is  usually  circular 
or  square.     There  should  be  an  assortment  of  these  heading 
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tools  on  hand  to  fit  the  various  sizes  of  iron  bars.  The 
hole  should  be  from  iV  to  iV  inch  larger  than,  the  iron; 
iV  inch  in  the  case  of  i-inch  diameter,  increasing  to  V*  inch 
on  1  i-inch  and  larger  diamet- 


TONGS 

I-.     Ton*:-  iiandling  pieces  of  hot  iron  of 

various  forms.  A  few  of  the  most  common  kinds  are  men- 
tioned below.  Sj 
tongs  are  made  to  fit 
special  forms,  and 
frequently  necessary  to 
make  a  new  pair  or  to 
alter  a  pair  to  fit  some 
oddly  shaped  piece  of  iron. 
The  parts  of  the  tongs, 
Fig.  25  (a),  are  the// 
and  the  handles  t>,  some- 
times called  the  reins.  An 
oval  ring  a,  Fig.  25  (d} , 
called  the  couplet \  is  fre- 
<]iiently  slipped  over  the 
handles  to  hold  the  work 
tight,  and  thus  relieve  the 
hand  fr«>m  the  more  severe 
Of  the  holding  strain. 
The  tmitfs  should  always 
be  hung  on  a  rack  p! 
near  at  hand  to  prevent 
their  being  mislaid. 

should  not  be  left  in 
the  fire  if  it  can  be 
for  when  they  become  hot 
they  will    bend    apart    and 
must  be  bent  back  before  they 

they  must  be  :ito  water.     Repeated  heating  and  dip- 

ping makes  the  iron  brittle  and  spoils  it. 
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Fig.  25  (a)  shows  a  pair  of  flat  tongs  used  for  holding  flat 
iron.  When  closed  tightly,  the  jaws  should  always  be  parallel 
and  have  full-face  bearing  on  the  piece  of  iron  being  held. 

Fig.  25  (b]  shows  a  pair  of  pick-up  toii^s  used  for  pick 
ing  up  pieces  of  iron,  also  for  holding  small  pieces  while 
tempering,  etc.  The  jaws  are  bent  to  give  them  spring  and 
the  front  bend  is  convenient  for  holding  round  iron. 

Fig.  25  (c)  shows  a  pair  of  bolt  tongs.  They  are  made  for 
holding  round  iron  and  have  a. pocket,  a,  for  the  head  of  the  bolt. 

The  gad  tongs,  shown  in  Fig.  25  (d),  are  used  for  hold- 
ing flat  or  wedge-shaped  pieces  that  have  a  head  or  large  end. 

Fig.  26  illustrates  a  form  of  tongs  that  has  the  lower  jaw 


FIG.  26 

divided  into  two  prongs,  while  the  upper  jaw  is  Y-shaped. 
The  pressure  of  the  upper  jaw  on  the  work  being  held  comes 
between  the  prongs  of  the  lower  jaw.  These  tongs  will  hold 
round,  octagon,  square,  and  flat  pieces  of  work  with  a  firm 
grip  when  proper-sized  tongs  are  used. 


FLOOR  AND  BENCH  TOOL.S 

43.  Swage  Blocks. — Figs.  27  and  28  show  two  forms 
of  cast-iron  swage  blocks.  These  blocks 
have  variously  shaped  grooves  and  holes 
cut  into  them,  and  are  used  like  a  swage 
or  as  a  heading  tool,  and  for  similar  work. 
They  are  really  simple  forms  of  dies. 
Fig.  28  shows  a  swage  block  on  a  stand. 
The  grooves  h,  h  in  the  edges  are  used  for 
forming  hexagonal  heads  and  nuts  of  vari- 
ous sizes.  The  block  may  be  turned  on  the  stand  to  bring 
any  side  or  edge  up. 


FIG.  27 
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44.     Tapered   Mandrel. — For  forming  rings  and  eyes, 

the    ron.  •  'I     nuimlrrl,     shown    in  '    (a) 

and  (t>),  is  largely  used.  It  is  made  of  cast  iron  and  is 
formed  of  either  one  or  two  pieces.  If  it  is  formed  of  two 
pieces,  as  shown  in  Fig.  2i)  (a),  the  top  piece,  shown  at  the 
left  and  called  th  made  with  a  shank  on  the  bottom, 

ie  bottom  piece  and  dowels  the  two  ; 

together.     The   body  a  of   the   mandrel    is    given    a   plain 

r,  but   usually  a  groove  b  extends  the  entire 

length.     This  groove  the  smith  to  grasp  the  work 

with  a  pair  of  tongs  while  it  is  on  the  cone;  or,  in  the  case 


\-K.     '.".I 


of  a  ring  attached  to  a  chain,  or  of  an  eye  on  a  rin-,  the  link 

or  eye  enters  the  groove.     Some  cones  are  so  tapered  that 

upper  end  c  is  little  more  than  1   inch   in  diameter;   the 

•lie  lower  end  ordinarily  \  n  S  and 

11  ii.  get  between  '2'.  and  .r>  feet.      When 

the  cone  is  made  in  two  pieces,  the  shank  of  the  tip  may  be 

placed  in  a  vise  to  hold  it  firmly  for  bending  small  work. 

45.      Hiirfju-.-  ri:M«». — The  surface  plate  is  n 

of   cast  ryififl    in    thickness    from   1±    to  4    in 

and  planed  smooth  on  the  top.     Tl  1  for 

testing  work— to  see  whether  it  is  straight,  and  to  detect 
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warp  or  wind.  It  is  also  very  useful  in  laying  out  work. 
The  surface  plate  is  generally  placed  on  a  small  strong 
bench,  as  shown  in  Fig.  30,  so  as  to  be  accessible  from  all 
sides.  It  should  be  carefully  leveled  and  then  secured  in 
position;  this  makes  it  possible  to  test  work  on  it  by  means 
of  a  level.  Large  sur- 
face plates  are  ribbed 
on  the  bottom  to  make 
them  stiffen  Surface 
plates  about  4  feet  wide 
and  8  feet  long  are  of 
convenient  size  for  gen- 
eral use,  the  top  being 
about  2i  inches  thick, 
with  two  side  ribs  around 
the  bottom  and  several 
cross-ribs,  making  the 
total  depth  of  the  plate  about  8  inches;  these  plates  are  used 
for  rocker-shafts,  yokes,  and  similar  work.  For  use  in  shops 
where  locomotive  frames  are  made,  plates  about  4  or  4£  feet 
wide  by  20  or  24  feet  long  are  used,  made  as  shown  in  Fig.  31. 
The  sides  of  these  plates  are  3  inches  thick,  and  are  con- 
nected by  ribs  as  shown.  The  plate  is  planed  on  both  sides, 
and  may  be  turned  over  occasionally  to  keep  it  straight,  as 


FIG.  30 


PIG.  31 

the  hammering  it  gets  tends  to  stretch  the  upper  surface 
and  make  the  plate  high  in  the  middle. 

46.  Surface  Gauge.— Fig.  32  shows  a  surface  gauge 
that  is  used  to  scribe  a  line  on  a  piece  of  work,  c.  This  tool 
is  used  on  the  surface  plate  to  draw,  or  scribe,  lines  parallel 
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to  the  surface  of  the  plate.     The  sliding  collar  a  can  be  set  at 

any  height  on  th< 

tica. 

the  needle  ,/  can  be 

I*  tion  on  this  col. 

17.     i;<-iirh  Vlso. 

The  B  tool  in 

which     the     woir. 
held     securely 
bend  in-,  twisting, 
chipping,    til 
The  blacksmiths 
shown    in    Fi^.   33  is 

called  a  leg:  vise.      The  leg  rests  in  a  solid  block  on  the 

floor,   while   the  body  is  secured   to  the  bench   with   bolts 

through    the    strap   s. 

The   vise    is    made    of 

wrought    iron   and   has 

hardened-steel    jaws. 

The  screw  has  a  square 

thread,    and    should    be 

oiled  occasionally.    The 

top   of   th'  hould 

be  set  at  elbow  height; 

this  will  be  found  most 

convenient  for  filing  and 

chipping. 

48.      \n\ii    v Ise. 
In  shops  \vh« 
horseshoeing  is  d« 
heavy  6-inch  vise 
with    advantage,    be 
bolted  to  a    10"  X  10// 
timber  post  set  in   the 
gror.  the   anvil. 

The   jaws  of   the  vise   should   be  about   the  same   height 


FIG.  S3 
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as  the  top  of  the  anvil.  A  vise  thus  arranged  has  several 
uses,  the  principal  one  being  to  clamp  the  hot  horseshoe 
while  bending  the  heel  calk. 

49.  Vise  Jaws. — A  very  necessary  addition  to  the  vise 
is  a  pair  of  copper  vise  jaws,  shown  in  Fig.  34.  These  are 
made  of  sheet  copper,  from  iV  to 
1*0  inch  thick,  formed  to  fit  over 
and  between  the  jaws  of  the  vise. 
They  protect  the  work  from  being 
bruised,  as  it  would  be  if  it  were 
clamped  between  the  bare  jaws. 
Besides,  they  protect  the  jaws  of 

F*IP    34 

the  vise,  for  it  is  often  necessary 

to  clamp  hot  pieces  of  iron  in  the  vise.  This  would  draw 
the  temper  out  of  the  jaws  if  they  came  in  direct  contact 
with  it.  To  make  them  more  efficient  for  this  purpose, 
pieces  of  asbestos  paper  are  placed  over  the  jaws  of  the  vise, 
under  the  copper  jaws.  This  makes  the  insulation  very 
good,  and,  besides  protecting  the  steel  jaws,  prevents  the 

rapid  cooling  of  hot 
iron  by  contact  with 
the  cold  vise.  Sheet- 
iron  jaws  are  often 
used  for  hot  work. 

50.     Calipers. 

Calipers  are  used  for 
measuring  diameters, 
widths,  and  thick- 
nesses. Single  cali- 
pers are  made  of  two 
pieces  of  sheet  steel 
bent  to  the  required 
shape  and  put  to- 
gether with  a  rivet.  They  are  made  to  work  rather  stiffly, 
so  as  to  remain  wherever  set.  Fig.  35  (a)  shows  a  pair  of 
outside  calipers,  and  Fig.  35  (b)  a  pair  of  inside  calipers. 
Fig.  36  shows  a  pair  of  double  calipers,  which  may  be  set 
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for  t  »,  as,  for  instance,  the  width  and  thickness  of 

a  forging. 

.">  I .     DI\  i.i.-rs. — The   dividers,   shown    in   Fig.   37,   are 


I':,.     :!•; 


:  for  measuring  the  distance  between  two  points  an 
describing  circlet.     The  points  are  clamped  by  means  of  a 
thumbscrew  /,  which  bea  .st    the   \vin^   rr,   and   the 

made   by  means  of  the  thumb  nut  m 
The  points  are  held  apart  by  means  of  the  spring  s. 


52.     Meafmriiiir  \N  IM-«  i.  or  <  ir< -ui.-ir  Huh-. — The  meas- 
uring wheel,  or  CM  .'Mown  in  Fig.  38,  also  call- 
traveler,  a  traverse  wheel,  or  a  , nail y   a   thin 
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circular  ring  a  abaut  iV  inch  thick.  Sometimes  the  hub 
consists  of  a  thimble  fitted  into  a  hole  in  the  center  of  the 
wheel.  This  thimble  also  forms  the  support  for  an  index 
arm,  or  pointer  b,  which  turns  with  the  wheel  and  may  be 
set  to  any  point  on  its  circumference.  The  spindle  c  on 
which  the  wheel  turns  is  held  between  the  ends  of  a  forked 
handle  d,  as  shown.  Sometimes  a  boss  is  stamped  on  one 
side  of  the  wheel  to  form  the  hub,  which  is  threaded  and 
fitted  with  a  thumb  nut  to  bear  on  the  pointer  and  hold  it  in 
position.  The  measuring  wheel  is  sometimes  a  drop  forging 
turned  true  on  the  edge  and  having  the  division  marks 
stamped  on  one  side  in  the  process  of  forging. 

The  wheel  usually  has  a  circumference  of  24  inches,  which 
is  subdivided  on  one  side  into  inches,  halves,  quarters,  and 
eighths,  the  zero  and  24-inch  marks  being  at  the  same  point. 
Sometimes,  however,  the  wheel  is  plain  with  the  exception 
of  one  short  radial  line  on  one  side  touching  the  circum- 
ference. The  wheel  is  carefully  rolled  over  the  length  of 
the  work  to  be  measured,  the  measurement  being  started 
at  and  read  from  the  zero  line.  The  pointer  is  moved  to 
indicate  the  point  on  the  circumference  of  the  wheel  where 
the  measurement  ends.  The  number  of  complete  revolu- 
tions of  the  wheel  must  be  counted.  Chalk  marks  on  a 
plain  wheel  often  serve  as  substitutes  for  a  zero  line  and 
pointer.  On  curved  work,  the  wheel  should  be  moved  over 
the  line  of  mean  length,  between  the  outside  and  inside 
measurements. 

53.  Marking  Materials. — A  soapstone  pencil  is  the 
best  material  for  making  surface  marks  on  iron,  although 
chalk,  slate  pencils,  and  crayons  are  used  for  the  purpose. 
Soapstone  marks  will  not  burn  off,  and  the  end  of  the  pencil 
may  be  filed  wedge-shaped  and  used  to  give  a  sharp  clear 
line  for  laying  out  work.  Soapstone  pencils  are  made  both 
round  and  rectangular  in  section;  in  either  case,  the  pencil  is 
usually  from  5  to  6  inches  long.  The  round  pencils  vary 
from  i  to  I  inch  in  diameter;  the  rectangular  ones  are 
usually  i  inch  thick  by  i  inch  wide. 
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54.     -  .   -In  sonn  r able  to  scribe  on 

the  metal  a  line  that  will  cut  through  the  surface  scale.     To 
do  this,  a  steel  scriber  of  the  general  form  shown  in  Fig.  39 

LSed  It  is  usually  from 
fVto  1  inch  in  diameter  and 
from  <J  to  S  inches  long. 
The  point  must  be  quite 
hard,  and  the  temper  of  the 
rest  of  the  tool  must  be  carefully  drawn  to  secure  the  neces- 
sary elasticity  and  to  prevent  the  point  from  breaking  oil. 

.">"».  niiM-r  MrthoclB  of  Mark! ntf.—  White  lead  or  zinc 
white,  mixed  in  naphtha  or  boiled  linseed  oil  and  applied  with 
a  slender  brush,  is  often  used  to  letter  and  number  pieces  of 
work,  especially  when  shipped  to  a  distance.  Before  laying 
out,  the  surface  where  lines  are  to  be  made  may  be  whitened 
by  rubbing  with  lump  chalk  or  by  coating  with  whiting  and 
water,  turpentine,  or  wood  alcohol,  which  may  be  applied 
with  a  brush,  and  will  dry  quickly.  When  laying  out  \\ork, 
the  hand  cold  chisel  and  the  center  or  prick  punch  are  fre- 
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quently  used  to  locate  the  ends  and  intersections  of  lines 
marked  on  the  piece  of  iron.      Lines  are  often  mat  • 
succession  of  dots  made  by  the  prick   punch  at  intervals  of 
from  i  inch  to  2  inches,  according  to  the  nature  of  the  work. 
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56.  Cold   Chisel.— The   cold  chisel   is   usually   of    the 
form  shown  in  Fig.  40  (a).     A  chisel  about  1  inch  in  width 
and  7  or  8  inches  long,  made  of  1-inch  octagon  tool  steel,  is 
commonly   used    for   general    purposes.     Small   chisels   are 
made  of  f  inch,  or  smaller,  octagon  steel.     The  illustration 
shows  the  edges  formed  by  faces  ground  at  an  angle  of  60°. 

57.  Cape  Chisel. — The  cape  chisel  shown  in  Fig.  40  (t>) 
is  used  for  cutting  and  trimming  narrow  grooves  and  slots, 
and  is  made  in  widths  to  correspond  to  the  widths  of  the 
grooves  to  be  cut.     The  length  of  the  cutting  edge  should 
be  slightly  greater  than  the  width  of  the  tool  behind  it,  to 
give  clearance  for  the  cut. 

58.  Center  or  Prick  Punch. — The  center,  or  prick, 
punch,  shown  in  Fig.  40  (<:),  is  made  of  the  same  material  as 
the  cold  chisel.     The  size  varies  with  the  nature  of  the  work, 
and  may  be  from  about  i-  to  i-inch  octagon  steel.    It  is  used 
to  mark  centers  of  holes  to  be  drilled  and  to  make  small 
dots  or  marks  wherever  desired. 

59.  The  Bevel. — A  common  form  of  bevel  is  shown  in 
Fig.  41.    The  bevel  is  used  to  lay  off  angles  other  than  right 
angles,  and   is  usually 

set  from  a  drawing  or 
templet,  or  from  a  sam- 
ple. It  is  sometimes 
called  a  T  bevel,  and 
often,  incorrectly,  a 
bevel  square.  The 
form  illustrated  has  a 
cast-iron  stock  a  with  a 

slot  in  the  middle  of  one  end,  through  which  slides  a  steel 
blade  b,  slotted  for  about  one-half  its  length  and  capable  of 
adjustment  about  a  pivot  in  the  end  of  the  stock. 

The  adjustment  of  the  blade  consists  in  varying  the 
length  of  the  projection  of  the  blade  b  from  either  side  of 
the  stock,  and  of  varying  the  angle  that  it  makes  with  the 
stock.  When  the  blade  is  set  as  desired,  it  is  clamped 
by  turning  the  thumb  nut  c  on  the  end  of  the  stock.  The 
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side  edges  of  the  blade  are  parallel  and  the  solid  end  d  is 
generally  cut  at  an  angle  of  45°,  or  one-half  a  rip: 
with  the   edges.     Care  must  be  taken  not  to  tighten   the 
thumb   nut    with    more   than  a   gentle  pressure,   otherwise 
the  t'  nay  be  stripped  from  the  screw.     It  is  well  to 

keep  in  mind,  for  use  in  checking  up  work,  that  the  sum 
of  the  two  angles  formed  by  an  edge  of  the  blade  with  the 
sides  of  the  stock  is  equal  to  two  right  angles.  For  testing 
angles  while  the  work  is  hot,  there  is  usually  a  shop-made 
bevel  formed  of  two  strips  of  steel,  about  \  or  -rV  inch  thick 
by  i  or  '  inch  wide,  and  from  12  to  16  inches  in  length. 
These  pieces  are  riveted  together  at  one  end  and  are  made 
to  work  rather  stiffly,  so  that  they  will  remain  wherever  set. 

60.     Measures. — For  measuring  long  rods,  or  bars,  such 
as  suspension  rods  and  hangers,  the  more  careful  workmen 
generally  use  a  steel   measuring    t:ip<-.     For   the   gei 
requirements  of   measuring  small  work,  both  straight  and 
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curved,  a  thin  metal  rule,  2  feet  long  by  \  inch  wide,  tolding 
in  the  middle,  is  commonly  used.  It  is  made  either  of  a 
good  quality  of  tempered  spring  steel  or  of  hard  rolled 
brass.  Fig.  42  illustrates  the  general  form  of  this  rule. 

61.     iiai-k  Saws. — The  hark  saw  is  now  usually  con- 
sidered a  >ry  part  of  the  blacksmith-shop  equipment. 
.  saw  blades  vary  in  length  from  6  to  16  inches,  and  even 
longer,  and  may  be  used  either  in  hand  frames  or  in  specially 
designed  frames  moved  by  pox- 
hand  frame  illn  Ijustable 
frame,  in  which  blades                               lies  lon^r 
The  clamps  i               the  blade  may  be  turned   so  that   the 
blade  will  cut  up  or  down  in  the  plane  of  the  frame,  - 
right  angles  to  the  frame                it  is  seen  that  the  blade 
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may  be  turned  to  face  any  one  of  four  ways.  Fig.  43  (b) 
shows  the  blade  set  at  right  angles  to  the  plane  of  the  frame. 
Hack-saw  blades  are  so  hard  that  they  cannot  be  filed,  and 
are  so  cheap  that  when 
dull  they  may  be  thrown 
away.  They  are  made 
with  about  25  teeth  per 
inch  for  sawing  thin 
metal,  and  with  about 
14  teeth  for  other  work. 
The  blades  used  in 
hand  frames  are  about 
1000  inch  thick  and 

i  inch  wide,  an  8-inch  or  10-inch  blade  being  the  most  eco- 
nomical.   The  operator  should  lift  the  frame  up  slightly  when 


FIG.  44 


drawing  the  saw  back,  or  the  back  stroke,  if  the  work  is  in 
contact  with  the  teeth,  will  be  much  more  destructive  to  the 
teeth  than  the  forward  stroke. 
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(J'J.     !',.%%,!    iia.-k  Saw. — For  cutting  off  bar  stock,  a 
i  i  tick  saw,  like  that  shown  in  Fig.  44,  will  be  found 
exceedingly  useful.     Such  a  machine    is   usually   ; 
with  a  vise  for  holding  ti  to  be  cut  off,  and 

constructed  that  the  machine  will  stop  when  the  piece  has 
been  sawed  throiu  liftinj;  the 

saw  on  it-  <-th.     Tin-  1  I 

are  generally  V2  inch'  length,  and  will  cut  stock 

up  to  4  inches  in  diameter.     The  power  hack  saw  is  especially 
useful  for  cutting  off  tool  s; 
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MANUFACTURE  OF  IRON 


MAKING  CAST  IRON 

1.  Iron  Ore. — Any  iron-bearing  mineral  from  which  the 
metal   can    be   abstracted   at    a   profit   is    iron    ore.     This 
definition  excludes  many  ores  containing  a  large  percentage 
of   iron  because  they  also  contain   a   large   percentage  of 
impurities;   and   it   will    admit,   on    the   other   hand,    many 
ores  that  carry  a  low  percentage  of  iron,  but  few  or  no  injuri- 
ous elements.     Iron  is  never  found  chemically  pure  in  nature, 
except  perhaps,   in  some  meteorites,   where  it   is    a   mere 
curiosity,  while  the  limited  supply  from  this  source  makes  it 
of  no  practical  value.     Chemically  pure   iron    is   soft  and 
ductile,  has  a  high  melting  point,  and  can  be  forged  and 
welded. 

The  rich  ores  of  iron  contain  from  60  to  68  per  cent,  of 
metallic  iron,  while  those  low  in  iron,  called  lean  ores,  may 
contain  only  from  30  to  40  per  cent.  In  the  United  States, 
very  few  furnaces  are  running  on  ore  containing  less  than 
50  per  cent,  of  iron.  The  impurities,  which  consist  of  oxy- 
gen, silicon,  phosphorus,  lime,  sulphur,  magnesia,  aluminum, 
manganese,  titanium,  etc.,  occur  in  very  small  amounts. 

2.  Blast  Furnace. — Iron  is  reduced  from  its  ores  by 
fusing  them,  together  with  lime,  in  a  blast  furnace;   the 
lime  acts  as  a  flux,  and  is  obtained  by  the  use  of  limestone 
and  marble.     A  blast  furnace  is  usually  an  iron  shell  lined 
with  some  refractory  substance,  such  as  firebrick  or  fireclay, 
and  on  the  outside  looks  like  a  tall  stack  or  chimney.     Into 
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it  alternate  layers  of  fuel,  flux,  and  iron  ore  are  thrown,  the 
fuel  fired,  and  the  whole  mass  raised  to  a  high  temperature 
by  means  of  an  air  blast,  to  hasten  the  combustion.  The 
blast  furnace  is  continuous  in  its  operation;  the  ore,  flux, 
and  fuel  are  charged  into  the  top  of  the  furnace,  and  the 
ore  and  flux  are  melted  by  the  intense  heat  and  tapped  out 
at  the  bottom.  The  amounts  of  fuel,  limestone,  and  ore 
must  be  carefully  calculated  in  order  that  the  ore  may  be 
properly  reduced.  The  furnace  is  so  operated  that  the  impuri- 
ties in  the  fuel  and  ore  may  combine  with  the  flux  in  the 
form  of  slag,  which  is  lighter  than  the  iron  and  floats  on  its 
surface.  It  is  tapped  from  a  hole  at  the  side  of  the  furnace, 
above  the  hearth  or  bottom,  while  the  iron  is  tapped  from  a 
hole  at  the  front  and  bottom  of  the  furnace  and  flows  into 
iron  or  sand  molds  where  it  cools.  The  form  of  cast  iron 
obtained  by  this  process  is  called  pltf  iron. 

3.  Nature  and  Composition  <>r  Cast  Iron. — The  best 
and  purest  grades  of  cast  iron  are  made  in  blast  furnaces 
using  charcoal  for  fuel.  This  is  due  to  the  fact  that  charcoal 
does  not  contain  sulphur,  while  coal  and  coke  do;  and  also 
because  the  ash  is  of  such  a  nature  that  the  impurities 
into  the  slag  rather  than  into  the  iron.  Cast  iron,  as  made  by 
blast  furnaces,  generally  contains  from  92  to  96  per  cent,  of 
metallic  iron.  The  other  4  to  8  per  cent,  consists  chiefly  of 
impurities  in  the  form  of  carbon,  silicon,  manganese,  phos- 
phorus, and  sulphur,  from  2  to  6  per  cent,  being  carbon. 
While  it  is  true  that  the  five  elements  mentioned  are  impuri- 
ties in  iron,  the  first  four  are  really  the  elements  that  make 
cast  iron  of  commercial  value.  Cast  iron  has  a  granular  or 
crystalline  structure,  and  is  hard  and  brittle.  It  can  be  cast 
in  almost  any  desired  shape,  but  cannot  be  forged  or  drawn 
into  wire. 
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MAKING  WROUGHT  IKON 


PUDDLING    PROCESS 

4.  Nature  and  Composition. — Wrought  iron  has  a 

fibrous  structure  and  can  be  forged  and  welded.  It  is  prac- 
tically free  from  carbon,  silicon,  and  the  other  elements  con- 
tained in  cast  iron.  It  may  be  made  direct  from  the  ore,  but 
the  greater  part  is  made  from  cast  iron  by  the  removal  of  its 
carbon,  silicon,  and  other  impurities,  by  the  puddling  process. 

5.  Hand  Puddling. — In   the   manufacture   of  wrought 
iron  by  hand  puddling,  the  cast  iron  obtained  from  the  blast 


FlG.l 

furnace  is  melted  on  the  hearth  of  an  open-hearth  fur- 
nace, which  is  ordinarily  of  the  form  shown  in  Fig.  1. 
The  hearth  a  is  usually  made  of  cast-iron  plates  carried  on 
brick  walls  or  on  iron  supports  t>,  b.  It  is  generally  about 
5  or  6  feet  in  length  and  4  feet  in  width  opposite  the  charging 
door,  and  is  lined  with  a  refractory  substance.  The  roof  is 
a  firebrick  arch.  The  heat  is  obtained  ordinarily  from  a 
bituminous-coal  fire  in  the  fireplace  c.  The  area  of  the  grate 
varies  from  6  to  10  square  feet  or  more,  depending  on  the 
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character  of  the  iron,  the  draft,  and  the  fuel.     Between  the 
grate  and  the  hearth  ebrick  wall  </,  called  a  i.ri.i-z«- 

\\ail,   that  t  ncient 

height  to  keep  the  fuel  from  getting  over  on  the  hearth,  and 
the  molten  iron  from  running  over  on   the  fuel.     In  many 
cases,  the  bottom  and  sides  of  the  furnace  are  hollow 
have  water  circulating   through   them  to  keep  them   cool. 
Another  bridge  wall  r,  called  the  altar,  prevents  the  D 
from  overflowing  into  the  flue  leading  to  the  chimney  /.     In 
the  middle  of  the  door  g  in  the  side  of  the  hearth 
opening  large  enough  to  admit  the  puddler's  rui>hh>:   this  is 
a  long  iron  bar  with  which  the  melting  charge  of  n  etal  and 
slag  is  stirred  by  the  workman. 

The  furnace  is  charged  with  500  pounds  of  pin  iron,  which 
is  carefully  placed  on  the  bed  of  the  furnace  or  is  broken  up 
and  piled  around  the  sides.  When  the  charge  is  melted,  the 
pudd  :he  fluid  mass  with  his  rabble,  while  his  assistant 

changes  the  draft  and  the  fire  to  suit  the  different 
the  process.     The  impurities  of  the  iron  are  taken  up  by  the 
n  flux  <>r  burned  out.     In  about  an  hour,  pasty  masses 
of  metal   begin  to   appear,   which   the    puddlcr   works   into 
spongy  balls  weighing  from  60  to  80  pounds  each.     T 
are  well  worked  at  a  high  temperature  to  get  rid  of  the 
slag,  and  finally  removed  from  the  furnace  and  hammered 
or  squeezed  into  the  form  called  a  bloom.     The  bloom  is 
then  taken  to  the  rolling  mill,  and  rolled  into  various  com- 
mercial forms. 


*».      M-  .  h;i  UK  .il    I'mid  I  !  nir.  —  In   the   various 
m.M-iiin.  M    the    flame    is    led    from    the    firebox    to 

a    hearth    of    varying    form    and    construction,    moved 
machinery.     In  some  -l-shaped  and 

turns  on  ah  In   other   forms    it    is  circular, 

is  so  arranged  that   it   may  be  mounted  on  a  vei 
shaft  and  rotated;  but  in  one  form  the  hearth  slants  at  an 
angle  of  from  10°  to  15°  from  the  hoH/ontal.     In  n 
the  metal  is  furth  i  or  mixed  by  broad-bladed  rabbles 

operated  by  the  workmen  or  by  machii 
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The  advantages  claimed  for  these  machines  are  that 
greater  masses  of  metal  may  be  handled  and  that  there  is 
greater  uniformity  of  the  product,  together  with  a  saving  of 
fuel,  time,  and  expense.  Hand  puddling  is  also  injurious  to 
the  health  of  the  workmen. 

7.  Effects  of  Reheating  Wrought  Iron. — It  has  been 
found  by  experiment  that  the  strength  of  the  puddled  iron, 
as  rolled  into  the  bar,  is  increased  each  time  it  is  heated  and 
worked,  up  to  about  the  sixth  working.  Each  heating  and 
working  beyond  this  point  decreases  the  strength,  until  at 
about  the  twelfth  it  will  be  as  weak  or  weaker  than  after  the 
first  rolling  from  the  puddled  -bar.  Careless  heating  may, 
however,  injure  the  iron  in  one  or  two  heats. 


FORGING  OPERATIONS 


DEFINITIONS 

8.  The  operation  of  shaping  or  forming  metal  by  ham- 
mering or  pressing  is  termed  forging. 

The  process  of  stretching  a  piece  of  metal  in  one  or  more 
directions,  either  by  hammering  or  by  pressure,  is  called 
drawing.  In  the  blacksmith  shop,  the  term  always  indi- 
cates a  decrease  in  the  area  of  cross-section  of  the  piece,  with 
a  corresponding  increase  in  its  length  or  breadth. 

By  the  term  bending  is  usually  meant  the  turning  or 
forming  of  the  iron  in  such  a  manner  as  to  deflect  it  from 
a  straight  line.  The  finished  product  may  be  a  curved  or  an 
angular  piece. 

In  the  operation  of  twisting  an  iron  bar,  the  fibers  are 
wound  around  each  other  spirally.  No  change  in  the  direc- 
tion of  the  axis  of  the  piece  takes  place.  Fig.  11  shows  a 
hook  that  has  the  straight  portion  between  the  eye  and  the 
hook  twisted. 

Upsetting  is  the  operation  of  increasing  the  thickness  of 
a  piece  of  iron  by  shortening  it. 


fl 
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Formlnir  refers  particularly  to  the  process  of  giving  a 
desired  form  or  shape  to  a  piece  of  metal  by  hammering,  or 
by  means  of  specially  formed  dies  between  which  or  into 
which  the  metal  is  pressed  or  hammered. 

Wclillni;  is  the  process  of  uniting  two  pieces  of  metal  into 
one  solid  piece  by  heating  them  to  a  welding  heat  and  ham- 


mering  '  ;ng    them   together.     For  wrought  iron,   a 

white  heat  is  necessary  to  soften  the  metal  so  that  it  will  weld. 


EXAMPLES  OP  FORGING 


in:  \\viNG 

<>f  Work  <m    Anvil.  —  In  all  work  on  the 
anvil,  it  must  be  remembered  that  the  anvil  is  crowned  cross- 


wise,  and  the  metal  will  therefore  be  drawn  m<  1y  in 

a  direction  at  ri^ht  angles  to  the  length  of  the  anvil.     If  the 
piece  is  to  1  lengthwise,  it  should  be  laid  ac 

the  anvil  as  shown  in  Fig.  2;  if  it  is  to  be  drawn  sidewi 
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should  be  held  as  shown  in  Fig.  3.  The  drawing  may  be 
done  by  holding  the  work  across  the  horn  of  the  anvil;  the 
sharper  curve  causes  the  metal  to  flow  more  freely  than  on 
the  face,  but  it  is  more  liable  to  cause  .irregularities  in  the 
shape.  When  the  work  is  to  be  straightened,  it  should 
be  laid  lengthwise,  as  shown  in  Fig.  3,  because  the  anvil  is 
straight  in  this  direction. 


FIG.  4 

10.  Round  Drawing. — Drawing  a  bar  of  round  iron 
out  to  a  smaller  diameter  is  one  of  the  easiest  forms  of 
drawing.  The  portion  to  be  drawn  is  marked  with  soapstone, 
and  then  heated  carefully  to  the  highest  temperature  it  will 
stand  without  injury.  It  is  then  taken  from  the  fire,  quickly 
brought  to  the  anvil,  and  hammered  rapidly.  The  diameter 
may  be  reduced  by  two  methods,  first  by  keeping  it  as  nearly 
round  as  possible  during  the  entire  process,  and.  second,  by 
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drawing  it  to  a  square,  then  to  a  round.  By  the  first 
method,  the  piece  is  turned  a  little  after  each  blow  and  kept 
as  nearly  round  as  possible,  and  finished  with  the  hand 
hammer  or  with  a  swage,  as  shown  in  Fig.  4.  A  second 
heat  is  sometimes  nt  It  is  well  to  turn  the  piece 

from  left  to  right  and  then  from  right  to  left,  because  turning 
it  always  in  the  same  direction  is  liable  to  twist  the  fr 
By  this  method  the  iron  is  very  liable  to  split.  To  avoid 
the  second  method  is  often  preferred,  the  piece  being 
drawn  from  a  round  to  a  square,  then  to  an  octagon,  and 
finally  finished  to  a  round  of  the  required  diameter. 

1  1.     Sc|u:ir<-   i>r:i\\  i  nur. — In  round  drawing,  the  iron  is 
turn-  a  time,  so  as  to  bring  all  points  under 
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the  hammer.  In  square  drawing,  however,  the  iron  must 
always  be  turned  either  one-quarter  or  half  way  around. 
This  requires  soi  he  least  variation  in  the 

amount  of  the  turn  will  bring  the  piece  out  of  square.  In 
drawing  a  square  bar  down  to  one  having  a  smaller  se 
of  the  same  shape,  the  sides  of  the  original  bar  help  to  guide 
the  hand  in  making  the  proper  amount  of  turn,  but  if  around 
bar  is  to  be  drawn  down  to  one  square  in  section,  the  amount 
of  turn  must  be  entirely  governed  by  the  hand  and  the  eye. 

In  drawing  down  a  square  bar  to  a  square  of  smaller 
the  piece  is  heated  and  brought  to  the  anvil,  holding  01 
the  sides  down  flat  and  striking  blows  squarely  on  the  t-.p 
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side,  drawing  it  down  along  its  entire  length.  It  is  then 
revolved  one-quarter  of  a  turn  and  the  top  side  hammered 
until  the  piece  is  about  square;  the  opposite  side  is  then 
turned  up  and  hammered;  and  finally  the  last  side  is  brought 
under  the  hammer.  The  figures  in  Fig.  5  show  the  order 
in  which  the  sides  are  brought  under  the  hammer.  This 
method  of  turning  the  work  lessens  the  liability  of  getting 
the  piece  twisted,  or  diamond-shaped,  as  shown  in  Fig.  6. 


FIG.  6 

If  it  becomes  twisted  in  this  way,  it  should  be  held  as  in 
Fig.  6  and  struck  in  the  direction  shown. 

If  desired,  the  piece  can  be  finished  under  the  flatter;  in 
this  case  it  is  held  on  the  anvil  lengthwise  and  the  flatter 
held  against  the  upper  face  parallel  to  the  face  of  the  anvil, 
while  the  helper  strikes  a  few  light  blows. 

BENDING 

12.  The  character  of  the  bending  operations  done  on  an 
anvil  depends  on  the  shape  of  the  section  of  the  piece  to  be 
worked — whether  "it  is  round,  square,  hexagonal,  oblong,  or 
of  other  shape — and  on  the  size  of  the  section.  For  instance, 
the  operation  of  bending  a  square  bar  is  very  different  from 
the  operation  of  bending  a  wide  but  thin  plate,  having  the 
same  area  of  cross-section,  to  the  same  shape. 

Small  sizes  of  rods  may  be  bent  easily  by  placing  them  in 
the  hardie  hole,  or  the  pritchel  hole,  of  the  anvil  to  the  point 
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at  which  the  bend  is  desired,  and  bending  the  end  over. 
Some  pieces  may  be  bent  by  doing  the  work  entirely  over 
the  face  of  the  anvil,  whereas  other  pieces  are  bent  over 
both  the  horn  and  the  face  of  the  anvil  >us  stages  of 

the  operation. 

. — Suppose  that  it  is  desired  to 
form  the  eye  pipe  hanger  shown 
in  Fig.  7,  to  support  a  pipe 
1|  inches  in  diameter*;  the  eye  is 
to  be  bent  to  the  form  shown, 
but  not  welded.  A  rod  i  inch 
in  diameter  and  slightly  over 

2  feet  long  is  taken  and  marked  at  a  distance  of  (1  inches 

from  one  end;  this  end  is  then  heated  to  a  bright  red  up  to 

the  point  marked.     The  cool  end  of  the  rod  is  grasped  with 

the  left  hand,  and  the  marked  point  on  the  heated  end   is 

placed  over  the  farther  edge  of  the  face  of  the  anvil,  or  over 

the   horn    near   its   point.      The 

heated    end,    which    projtv 

then  bent  down  so  that  it  points 

nearly  at  right  angles  to  the  rest 

of   the    rod.      The   rod   is   then 

turned  on  its  axis  half  way 

around   so   that   the  heated  end 

points  up  instead  of  down.    The 

very  end  of  the   heated   p 

then    brought   down    so   that    it 

projects  slightly  over  the  end  of 

the  horn,  as  shown  in  Fig.  8,  and 

the  end  of  the  rod  is  bent  gradu-  Pl°-  8 

ally  by  light  hammer  blows  into  a  ring  as  shown  in  Fig.  7. 

14.     i  «»rjriugf  a  Staple. — If  a  staple,  like  the  one  shown 
in  Fig.  9,  is  to  be  made  out  of  a  piece  of  i-inch  round  iron. 
the  required  length  is  first  marked  off  on  the  bar.     On  tl 
distance  of  1  inch  from  the  end  is  mark  md  the  end  is 

heated  and  drawn  to  a  square  point  1$  inches  long.  Tin- 
piece  is  then  cut  off  from  the  bar,  using  the  hardie,  as  shown 
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in  Fig.  10,  and  making:  the  piece  5i  inches  long,  over  all. 
The  other  end  is  marked  and  drawn  out  to  a  point  the  same 
as  the  first,  keeping  both  squares  in  line.  The  piece  will 
now  be  about  6i  inches  long,  i  inch  round  in  the  middle, 
with  a  square  tapering  point  If  inches  long  at  each  end. 
The  center  of  the  piece  is  then  marked  and  heated,  and  the 
piece  bent  over  the  horn  of  the  anvil  to  the  shape  shown  in 
Fig.  9,  making  the  distance  between  the  two  straight,  paral- 
lel ends  I  inch.  In  bending  over  the  horn  of  the  anvil,  the 
piece  is  held  against  the  large  part  of  the  horn  and  bent 


I 


FIG.  9  FIG.  10 

by  light  hammer  blows,  turning  it  to  keep  it  round;  then 
while  hammering  it  the  piece  is  gradually  brought  toward 
the  point  of  the  horn.  When  bent,  the  curve  should  be 
uniform  and  the  two  ends  of  the  same  length.  If  it  is 
warped  or  twisted,  it  is  flattened  on  the  anvil  with  the  ham- 
mer or  the  flatter.  

TWISTING 

15.  Forging  a  Gate  Hook.— If  a  hook,  like  the  one 
shown  in  Fig.  11,  is  to  be  made  of  1-inch  square  iron,  the 
operation  will  be  about  as  follows:  It  will  take  about  4  inches 

53B— 22 
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of  stock  to  make  the  hook,  and  this  length  is  marked  off  from 
the  end.  It  is  then  heated  and  drawn  out  until  it  calipers 
i  inch  square,  when  it  will  be  about  5i  inches  long.  A  length 

of  U  inches  is  then 
marked  off  from  the 
end  and  drawn  to  a 
round  of  rV  inch 
diameter,  keeping 
one  side  straight,  as 
P«c  n  shown  at  </,  Fig.  12. 

The  shoulder,  or  offset,  /  is  formed  over  the  edge  of  the 
anvil,  as  shown  in  Fig.  13.  By  striking  the  upper  edge  with 
the  hammer,  as  shown,  the  top  will  remain  straight  at  dt 


Fi<; 

after  which  it  can  be  finished  with  the  swage  to  make  it 
perfectly  round.  A  length  of  f  inch  is  then  marked  off  on 
the  TV-inch  end  and  the  point  drawn  down  round,  as  indi- 
cated by  the  dotted 
•£.  12.  The 
entire  piece  is  then  cut 
off  from  the  bar  and 
the  other  end  of  the 

;i  square  marked 
off,  making  the  dis- 
tance between  the 
shoulders  2f  inches, 
and  drawn  to  I  inch 

1,  as  shown  in 
Fig.  12,  keeping  it 
straight  ,v  form- 


I   ;,.    in 


ing   over  the  h«>rn 


mi:    a    shoulder   at    h. 

The    i-inch  r  •   ii 

and    the    rV-inch    round    end  al    into    the   hook,    as 

shown  in  Fig.  15.     In  bending  the  hook  and  the  ring,  the 
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piece  is  held  with  one  round  end  projecting  over 

ther  edge  of  the  1  this  projecting  end  is  bent  back 

until   it  has  the   shape   shown    in   Fig.   14.     The  other 

en  bent  in  this  way,  and  the  ring  and  hook  formed  over 
the  horn  of  the  anvil  by  light  hammer  blov. 

1(5.  T  \\iMiiii;  tin  iionU. — Lengths  of  I  inch  are  i 
marked  off  on  the  square  part  from  the  shoulders  /  and  //, 
giving  the  points  k  and  p,  Fig.  15.  The  portion  between  X- 
and  p  is  then  brought  to  an  even  red  heat  and  twisted.  To 
do  this,  the  piece  is  clamped  vertically  in  the  vise  by  the  IK  .ok 
end,  as  shown  in  Fig.  16,  with  the  point  X-  at  the  top  edge  of 
the  vise  jaw,  and  a  monkeywrench  is  fitted  to  the  ring  end, 
immediately  above  the  point  p.  The  wrench  is  then  - 
one  complete  turn,  twisting  the  square  part  as  shown  in 
Fig.  11.  If  it  has  become  bent,  it  may  be  straightened  by 
hammering  it  between  two  bio  .«.<!  on  the  anvil  so  as 

to  avoid  battering  the  sharp  edges. 


UPSETTING 

17.  Humming. — When    it    is    desired    to     np^-i,    <>r 
thicken,  a  portion  of  a  piece  of  iron,  this  part  is  heated  to  a 
bright  red,  the  rest  of  the  bar  being  kept  cool  by   pouring 
water  over  it  with  the  sprinkler.     When  sufficiently  heated, 
the  piece  is  brought  to  the  anvil  and  upset,  either  by  ram- 
ming or  with  the  hammer. 

If  the  bar  is  from  2  to  3  feet  long  and  is  to  be  upset  at  tin- 
end,  the  heated  end  of  the  unmed  against  the  face  of 
the  anvil,  as  shown  in  Fig.  17.  or  on  a  block  of  iron  be< 
in  the  ground,  called  a  inimpinir  I»I«»«-K.     Tin-  entire  energy 
e  blow  is  concentrated  at  the  h<>t  end  of  the  rod,  and 
tf  the  particles  of  the   iron   near  the  end  together  in   the 
direi                he  blow;  this  bulges  out  tl  K  re  it  is  hot. 

18.  Upsetting  With  :i  I  i:.m  MM-.-.  -If  the  bar  is  short, 
it  may  be  brought  to  the  anvil  wit;  .f  tongs,  as  shown 

in  Fitf.  18,  and  he  -,vil  with  the  h<>t   end 

up  and  the  heated  end  hai;  or  with  the  hot  end  down 
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and  the  blows  struck  on  top  of  the  cold  end.  By  the  second 
method,  the  heated  end  is  constantly  in  contact  with  the 
cold  face  of  the  anvil  and  will  therefore  cool  very  rapidly; 
the  result  is  that  the  bar  will  not  spread  so  much  on  the  end 


FIG.  17 

but  the  bulge  will  extend  up  a  little  farther  than  by  the  other 
method.  In  the  same  manner  an  upset  may  be  made  at  any 
point  on  the  bar. 

19.     Precautions  in  Upsetting. — If,  in  upsetting  a  bar. 
it  begins  to  bend  after  a  few  blows  have  been  struck,  the 


16 


IRON  FORGING 


§57 


piece  must  be  straightened  at  once,  for  any  blows  struck  end- 
wise on  a  bent  bar  will  n  nuch  eftV 
but  will  only  bend  the  bar  more  and  make  the  nin^ 
harder.  For  upsetting,  a  good  heat  is  required :  it  is 
well  to  make  tin-  final  heat  a  welding  heat,  because  upsetting 
often  separates  some  of  the  fibers,  and  by  taking  a  welding 


l-i.. 


heat  over  the  piece  and  hammering  it  on  tin-  sides  a  little, 
all  loose  fibers  will  be  welded  together  again. 


M  \K  IN..      \     1:01    | 

20.    N<|iuiiM'-n<>nii<-<!  r.oit. — [f  a  i-inch  bolt,  Fi 
to  be  made  out  Ol  h  round  rod,  the  end  of  the  rod  is 

heated  and  upset.     When  enough  met.d  1  upset  to 

form  the  head,  the  enlarged  end  .ted  and  the  cold 
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end  of  the  bar  passed  through  a  suitable  hole  in  the  swage 
block,  or  through  the  heading  tool.  If  the  latter  is  used, 
it  is  laid  on  the  anvil  so  that  the  body  of  the  bolt  passes 


FIG.  19 


through  the  hardie  hole.  The  upset  end  is  then  hammered 
down  against  the  swage  block  or  heading  tool,  as  shown 
in  Fig.  20,  until  the  head  is  &  inch  thick,  and  the  piece 
driven  out  of  the  heading  tool.  The  head  is  then  shaped 


FIG.  20 


square  with  a  hand  hammer.  If,  after  the  sides  of  the  head 
are  properly  formed,  it  is  found  that  the  head  is  longer  than 
it  should  be,  it  is  laid  on  a  piece  of  soft  iron  placed  on  the 
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anvil  and  the  extra  length  cut  off  with  the  hot  cutter.  After 
this,  the  bolt  is  put  back  i:  leading  tool  and  the  head 

is  finished  with  the  hammer;  the  bolt  is  then  cut  otT  to  the 
desired  length,  and  the  burrs,  or  rough  edges,  on  the  end 
are  hammered  down. 


-1.     Holt   iha.i.  -I-.      V  irge  number  of  1 

to  be  made,  it  is  well  to  use  a  bolt  header,  one  form  of 

which  is  shown  in 
Fig.  LM.  The  frame 
is  of  cast  iron 
quite  heavy;  steel 
are  provided  for  bolts 
of  different  sizes,  usu- 
ally varying  by  i  inch, 
although  occasionally 
TV-inch  and  tV-inch 
dies  are  used.  The 
length  of  the  bolt  is 
determined  !»' 
block  a  provided  with 
notches  that  engage  a 
series  of  notches  on 
the  frame  of  the 
his  block 

may    be    set    for    any 
length   of  bolt    within 
ange.      The    iron 
may  be  cut  to  length 
so    as    to    leave    the 
right  amount  of  stock 
Pi'-  to  make  the  head  with- 

out any  trimming.  The  dies  are  closed  to  grip  the  iron  by 
means  of  the  foot  treadle  b  and  the  head  formed  with  a 
hamn  •  :  The  dies  fit  in  the  top  of  the  macli  .  the 

two  dies  forming  a  heading  tool. 

22.     T-il<-iid<-d  riniH-r  H..H.    -The  method  of  maki- 
T  -headed  planer  bolt  is  as  follows:     Suppose  that  the  1> 
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to  be  made  from  a  f-inch  round  rod;  the  size  and  form  of  the 
head  for  the  bolt  are  shown  in  Fig.  22,  indicated  by  the  dimen- 
sions and  letters  of  the  top  and  side  views.  The  points  abed 
of  the  head  in  the  top  view  correspond  to  the  points  a'  V c1  d' 
in  the  side  view.  First  the  shape  of  the  head  is  made 
oblong  in  cross-section,  as  indicated  in  the  top  view  by  the 
letters  aecf,  and  I  inch  thick.  The  end  of  the  rod  is  then 
heated  and  upset;  but  the  upsetting  is  not  a  continuous 
operation;  it  must  alternate  with  hammer  work  to  keep  the 
sides  af  and  ec  parallel.  For  the  latter,  the  bolt  is  laid  flat  on 
the  face  of  the  anvil  with  first  one  side  ec  placed  uppermost 
to  receive  the  blows  of  the  hammer,  and  then  the  opposite 
side.  Also,  the  head  is  frequently 
moved  beyond  the  edge  of  the  anvil  and 
is  struck  with  the  hammer  for  the  pur- 
pose of  both  forming  and  upsetting  it. 
This  process  of  upsetting  and  forming  is 
continued  until  the  amount  of  metal  upset 
is  sufficient  to  form  the  desired  head. 
This  is  then  heated  and  the  cold  end  of 
the  rod  is  passed  through  the  right  size 
of  hole  in  a  swage  block,  or  through  a 
heading  tool,  and  the  inside  face  of  the 
head  is  worked  to  shape.  But  this  latter 
cannot  be  done  at  one  operation,  for  the 
side  faces,  shown  in  the  top  view  at  a  e 
and  cf,  must  be  brought  to  shape  with 
the  hammer.  The  final  shape  of  the  bead  shown  in  the  top 
view  by  aecf  is  obtained  by  dressing  the  side  faces  ae,ec,  c  f, 
and  fa  and  the  end  face  of  the  head  with  the  hammer,  and 
by  finishing  the  inside  face  on  the  swage  or  heading  took 
The  lengths  eb  and  fd,  each  equal  to  i  inch,  are  marked  off 
with  a  soapstone  pencil  or  a  hand  chisel  and  the  portions  of 
the  head  aeb  and  cfd  are  then  cut  off  with  the  hot  cutter. 
The  angles  bad  and  bed  are  approximately  equal  to  65°,  and 
hence  if  the  bevel  is  used  it  may  be  set  to  this  angle  and 
used  to  test  the  angles  between  the  faces.  It  is  not  desirable 
that  the  edges  at  a  and  c  be  made  sharp.  The  head  of  the 
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bolt  is  made  thin  so  that  it  will  break  off  before  the  pressure 
becomes  great  enough  to  injure  the  lip  of  the  T  slot  on  the 
cast-iron  planer  table.  The  head  of  the  bolt  is  given 
the  shape  shown  in  Fig.  22  so  that  it  will  not  turn  in 
the  T  slot,  when  the  nut  is  tightened.  After  the  head  is 
properly  formed,  the  bolt  is  cut  to  the  required  length. 

23.     Making  a  lir\..-.,i..i I  Unit   Head.— If  it  is  desired 
to  form  a  hexagonal,  or  six-sided,  head  on  a  1-inch  bolt  of 


Pio.  23 

the  dimensions  shown  in  Fig.  23,  the  end  of  a  i-inch  round 
rod  is  heated  and  upset.  When  enough  metal  has  been 
upset  to  form  the  head,  the  cold  end  of  the  bar  is  pa 
through  a  suitable  hole  in  the  swage  block  or  the  heading 
tool,  and  the  inside  face  of  the  head  is  surfaced  arouud  the 
shank  of  the  bolt  as  described  for  a  square-headed  bolt. 

The  head  is  then  shaped  in  a  three-sided  groove  of  proper 
size,  which  is  usually  formed  on  the  surface  of  the  swage 
block.     The  swage  block  is  placed  so  that  the  groove  is  hori- 
zontal and  the  opening  is  on  top.     The 
inside  face  of  the  head    is  trued  up,  as 
before,    and    the    side    faces    arc    again 
touched  up  with  the   swage,  after  which 
the  head,  if  it  is  too  long,  is  marked  for 
PIO.*  the  proper  thickness  and  the  end  cut  off 

with  the  hot  cutter.  A  hand  hammer  is  also  used  in  the 
final  dressing  of  the  brad.  A  cup-shaped  swaj;c  may  be 
used  for  finishing  the  top  of  the  head  into  the  rounded  shape 
shown  in  Fig.  ~  1. 

The  bolt  is  finally  cut  to  the  proper  length,  which  in  this 
Case  hes,  and  the  burrs  on  the  edges  dressed  down 

the  hammer. 

24.     Stock    for    Holts. — Iron    1  i    be   made  from 

bars  of  the  same  diameter  as  the  diameter  of  the  bolt,  the 
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heads  being  made  by  welding  on  rings  or  by  upsetting  the 
stock.  Steel  bolts  must  be  made  from  bars  as  large  or 
larger  than  the  head,  and  the  body  drawn  down  to  the 
required  size. 


MAKING    AN    ANGLE 

25.     If  an  angle,  like  the  one  shown  in  Fig.  25,  is  to  be 
made  from  a  bar  of  f-inch  square  iron,  it  will  be  necessary 


r 
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FIG.  25 


to  upset  the  bar  in  the  center  to  give  the  additional  stock 
required  for  the  corner.  About  8f  inches  of  stock  is  cut  off, 
and  the  center  heated  and  upset  to  i  inch  diameter,  as  shown 
in  Fig.  26.  The  piece  is  then  bent  at  right  angles  in  the 
center  by  sticking  one  end  through  the  hardie  hole  down  to 


FIG.  26 

the  heated  center  and  bending  the  other  end  toward  the 
anvil,  as  shown  in  Fig.  27.  To  make  the  corner  sharp,  the 
piece  is  held  on  the  face  of  the  anvil,  as  shown  in  Fig.  28, 
and  the  angle  made  true  by  hammering.  When  striking  the 
blows  the  hammer  is  drawn  as  shown  by  the  arrow  in  Fig.  28; 
this  draws  the  iron  toward  the  corner.  The  piece  is  finished 
I  inch  square  with  the  flatter,  and  the  ends  cut  to  an  equal 
length  on  the  hardie,  and  then  squared  with  the  hammer. 


§57 


IRON  FORGING 


MAKING    A    SMALL    CHAIN    HOOK 

2(>.  If  the  chain  hook,  shown  in  Fig.  29,  is  to  be  made 
from  a  bar  of  i-inch  round  iron,  about  6i  inches  of  stock  is 
required.  The  end  will  have  to  be  upset  to  provide  stock 
for  the  eye  of  the  hook.  To  provide  enough  stock  to  make 
the  eye,  a  length  of  ll  inches  is  marked 
off  from  the  end  of  a  bar,  and  the  end 
heated  and  upset  as  shown  in  Fig.  18, 
until  the  original  li  inch  length  is  short- 
ened to  1  inch.  The  ^iece  is  then 
flattened  down  to  1  inch  in  thickness, 
making  the  upset  portion  circular  and 
about  1  inch  in  diameter,  as  shown  in 
Fig.  30. 

27.  Forming  the  Eye. — In  flatten- 
ing the  upset  portion  down  to  I  inch  in 
thickness,  it  should  be  spread  sidewise  as  much  as  possible. 
If  it  draws  out  in  length,  it  may  be  upset  a  little  in  a  swage 
or  heading  tool,  or  it  may  be  upset  on  the  edge  of  the  anvil 
as  shown  in  Fig.  31.  When  the  head  has  been  formed,  it  is 
heated,  and  a  i-inch  hole  put  through  with  the  punch,  which 
should  be  kept  cold  by  dipping  it  in  water  before  and  after 


FIG.  29 


FIG.  30 

it  is  used.  After  the  hole  is  started,  the  punch  is  held 
aside  to  see  whether  it  is  in  the  center;  if  it  is,  the  punch  is 
driven  down  well  and  the  piece  is  turned  over  and  punched 
from  the  other  side,  where  the  iron  shows  a  black  circular 
spot.  The  core  is  driven  out  through  the  hardie  hole  or 
through  the  pritchel  hole.  Some  smiths  put  a  little  coal  or 
coke  dust  into  the  hole  after  it  has  been  started  and  then 
finish  the  hole  by  driving  the  punch  on  top  of  it;  this 
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keeps   the   point  of  the   punch  cool   and   prevents  it  from 
sticking  in  the  hole. 

When  the  hole  has  been  punched,  the  eye  of  the  hook  is 
raised  to  a  welding  heat  and  worked  over  to  weld  up  any 
parted  fibers  or  split  places.  For  this,  the  punch  is  put  into 

the  hole  and  left 
there  while  ham: 
ing  the  eye.  The 
punch  is  driven  down 
occasionally  to  keep 
it  tight;  this  will 
spread  the  hole  to 
about  t  inch  in  diam- 
eter. 

Another  method  of 
making  the  eye  li 
take    a    sufficient 
length  of  materi 
form  the  eye  of  the  hook  by  bending  the  end  of  tin 
around  a  pin.  a  mandrel,  or  the  end  of  the  horn  of  the  anvil. 
The   eye   end  of   the  rod  is   first   scarfed  as  shown  at  a, 
Fig.  32  (</),  and  is  bent  around  to  form  the  eye  as  shown 
in  Fig.  32  (£),  after  which  the  end  is  welded.     These  1 


operations  will  be  described  in  detail  under  separate  head 
ings  in  connection   with  welding  operations. 


28.     i:.  niiinir  MM-  N«>  >k.  —  The  corners  are  next  rounded 
and  the  1  :.t  into  the  required  shape  by  holding 

the  horn  of  the  anvil  and  striking  it  with  a  light  han 


(b) 


fc) 


FIG.  33 


26  IRON 

FORGING    ROD    STRAPS 

29.     Forging  a  HtiMp  to  size. — To  make  a  rod  s 
of  the  form  shown  in  Fig.  33  (a),  select  stock  of  the  width 
shown  at  a  in  Fig.  33  (£),  and  thicker  than  b  by  a  sufti 
amount  to  form  the  corners  b  in  Fig.  33  (c).     Draw   this 
stock  to  the  form  shown  in  Fig.  33  (c),  leaving  the  sides 
slightly  thicker  at  <  than  they  will  be  in  the  finished  strap,  as 
they  will  draw  in  the  bending,  and  being  careful  that  the 
hammer  leaves  no  ridges,  which  would  tend  t<  icks, 

sometimes  called    gaulds,   in  the  corners,   which    become 


(a) 


(b) 
FIG.  84 

deeper  as  the  work  progresses.  Next,  take  the  stock  in  the 
tongs,  and,  holding  it  as  shown  in  Fig.  33  (</),  proceed  to 
bend  it,  using  a  large  fuller  to  start  the  bend,  as  by  starting 
in  this  way  the  iron  is  not  cramped  at  the  corners.  Any 
ridges  left  by  the  hammer  may  be  taken  out  by  the  fuller 
when  starting  the  bend. 

After  the  bends  have  been  started  as  shown  in  Fi£.  33  (</), 
place  the  stock  in  clamps,  or  hold  it  in  t;  hammer 

in  the  manner  shown  in  Fig.  33  (e).  This  may  be  done 
by  lowering  the  upper  die  d  on  the  upper  one  of  two  blocks  b 
and  f,  between  which  the  st<»  k  and  holding  it  firmly 

by  means  of  the  steam  pressure.     Next,  have  two  he!; 
one  on  each  side,  strike  simultaneously  on  tl  until  the 

piece  has  the  form  shown  in  Fig.  33  (/).     Take  a  heat  on 
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one  corner  by  placing  the  side  s  down  in  the  fire;  and  by  using 
the  flatter,  bring  the  side  to  the  shape  shown  in  Fig.  33  Cf), 
and  repeat  this  on  the  other  corner  and  side.  It  will  be 
necessary  during  this  operation  to  use  the  flatter  on  the  strap, 
which  is  held  as  shown  in  Fig.  33  (A),  in  order  to  make  the 
end  of  the  proper  shape. 

30.  Forging     a     Strap    and    Trimming    to     Size. 

Another  way  to  make  this  strap  is  to  use  wider  stock  and 
forge  it  to  the  form  shown  in  Fig.  34  (a).  The  sides  are 
then  bent  in  the  same  manner  as  in  the  operation  just 
described,  and  the  strap  brought  to  shape  as  before.  The 
end  is  formed,  however,  by  cutting  off  the  excess  of  stock 
that  has  been  allowed  there,  as  shown  by  the  dotted  line  in 
Fig.  34  (£).  

WELDING 
CONDITIONS    GOVERNING    WELDING 

31.  Object  of  Welding. — It  is  often  necessary  to  join 
together  two  pieces  of  iron,  or  the  ends  of  the  same  piece,  so 
that  the  joint  will  form  one  solid  mass.     In  such  cases,  the 
pieces  are  welded  together. 

Each  of  the  pieces  treated  thus  far  has  been  made  of  a 
single  piece  of  iron,  but  very  frequently  it  would  be  incon- 
venient or  impracticable  to  make  the  forging  out  of  one 
piece.  If  so,  several  pieces  are  welded  together,  and  the 
forging  is  said  to  be  built  up. 

32.  Oxidation  of  Iron. — If  a  piece  of  iron  is  heated  in 
air,  it  will  absorb  oxygen  from  the  air,  thus  forming  a  scale 
of  oxide  of  iron  on   the   surface.     The  hotter  the  iron,  the 
more  rapidly  the  scale  will  form.     It  does  not  adhere  to  the 
iron  very    firmly,   and    surfaces    coated  with    it    cannot    be 
welded.     It  is  therefore   very   important   to    guard   against 
oxidation  of  the  surface  of  the  iron  if  a  weld  is  to  be  made, 
because  the  scale  of  oxide  will  lie  between  the  two  surfaces 
of    the    iron    and    prevent    their    coming    in    contact;    and 
under  these  conditions  it  will  not  squeeze  out  if  the  pieces 

53B— 23 
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arc   pressed   and  hammered  together.     Two  methods   are 
employed  to  guard  against  the  oxidation;  namely,  the  use  of 
a  reducing  /ire  in  heating,  and  the  use  of  suitable  // 
By  both  of  these  methods  the  hot  iron  is  prevented  from 
coming  in  contact  with  the  oxygen  of  the  air. 

33.  K<-iitirl UK  Fire. — A  r»Miu<-inir  fir<-  is  one  in  which 
all  oxygen  is  consumed  in  the  combustion,  so  that  the  gases 
coming  in  contact  with  the  iron  do  not  contain  any  oxygen 
that  can  unite  with  the  iron.     Under  this  condition  no  oxida- 
tion can  take  place,  and  the  surface  of  the  iron  will  remain 
clean.     This  condition  is  obtained  in  a  closed  fire  by  having 
a  thick  bed  of  fire  for  the  air  to  pass  through  before  coming 
in  contact  with  the  iron  and  by  maintaining  a  moderate  blast. 
If,  however,  the  blast  passes  through  a  thin  bed  of  fuel  or  if 
more  air  is  blown  through  than  the  fire  needs,  the  unused 
oxygen  will  oxidize  the  iron.     Therefore,  a  thick  fire  should 
always  be  maintained,  and  the  blast  regulated  so  as  to  supply 
just  enough  air  and  not  too  much. 

34.  Fluxes. — The  other  method  for  preventing  the  oxi- 
dation is  to  coat  the  surface  of  the  iron  with  some  substance 
that   will  exclude   the  air.     It  must,   of  course,  contain  no 
oxygen  that  will  unite  with  the  iron.     It  must  be  fluid  at  a 
heat  below  the  welding  heat  of  iron  and  still  not  become  so 
fluid  at  the  welding  heat  that  it  will  run  off  and  leave  the 
iron  exposed  as  before. 

<1  for  preventing  the  formation  of  scale  on 
the  iron  when  being  heated  for  welding  arc  called  fluxes. 
Strii  *  -ing,  most  of  them  form  a  fusible  mixture  with 

the  iron  oxide,   which  offers   the  desired  protection   to   the 

but  they  use  up  some  of  the  iron  to  make  this  mixture, 
therefore  wasting   it.     This  mixture,  however,  is  so  liquid 

it  will  squeeze  out  from  between  the  surfaces  being 
welded,  thus  leaving  clean  surfaces  of  iron  to  be  welded 
together.  There  are  many  kinds  of  fluxes.  Some  of  these 
consist  of  a  mixture  of  several  substances.  The  most  com- 
mon flux  •)  is  clean,  sharp  sand;  this  : 
readily  on  the  surface  of  tin-  iron  I  it  during  the 
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heat,  thus  excluding  the  air.  A  very  good  flux  for  iron,  but 
one  that  cannot  be  used  on  steel  because  it  tends  to  reduce 
the  carbon,  can  be  made  by  mixing  2  ounces  of  calcined 
borax  and  1  ounce  of  sal  ammoniac.  Calcined  borax  is  a 
good  flux  for  steel.  It  is  made  by  heating  borax  in  an  iron 
pot  until  the  water  is  driven  off.  The  mass  is  then  cooled 
and  pulverized.  Calcined  borax  is  also  called  borax  glass. 

Sand  and  borax  are  very  good  fluxes  for  iron  alone;  but  it 
is  well  to  have  a  flux  that  can  be  used  when  welding  steel  to 
iron.  A  very  good  flux  for  welding  steel  to  iron  is  made  of 
potter's  clay,  wet  with  strong  brine.  This  is  dried  and 
powdered  and  used  like  sand  or  borax.  Another  good  flux 
that  is  not  too  fluid,  and  does  hot  injure  steel,  is  made  by 
mixing  3  ounces  of  carbonate  of  potash,  also  called  pearlash, 
with  1  ounce  of  dry  clay.  This  is  heated  in  an  iron  pot,  and 
when  hot,  4  ounces  of  calcined  borax  is  added.  When  cold, 
it  is  powdered,  and  is  then  ready  for  use. 


CLASSIFICATION    OF    WELDS 

35.     Names  of  Welds. — The  different  kinds  of  welds  are 
named  according  to  the  manner  in  which  the  pieces  are  put 


FIG.  &5 

together;  the  principal  ones  are  scarf  welds,  butt  welds,  lap 
welds,  cleft  welds,  and  jump  welds.  The  selection  of  the  weld 
to  use  depends  on  the  form  of  the  piece,  the  forces  it  is  to 
resist,  and  the  equipment  for  making  the  weld. 

36.     Scarf  Welding.— In  the  scarf  weld,  the  two  pieces 

are  scarfed;  that  is,  they  are  thinned  down,  as  shown  in  the 
pieces  a  and  b,  Fig.  35.  If  the  iron  is  of  uniform  thickness, 
it  is  first  upset  at  the  point  at  which  the  weld  is  to  be  made 
in  order  to  gain  a  little  in  thickness;  after  this,  it  is  scarfed. 
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To  do  this,  the  upset  end  is  thinned  down,  generally  with  the 

peen  of  the  hammer,  drawing  it  out  thin  »int  and 

ding  the  metal  back  at  k  by  drawing  the  hammer 

as  shown   at   </.  8.     Some- 

times the  end  of  a  flat  bar, 
being  upset,  is  tapered  or  sc;-. 
by  using  a  fuller,  as  shown  in 
37.  This  is  a  quick  and 
effective  way  of  doing  it.  The 
faces  to  be  welded  should  be 
rounded  and  made  higher  at  the 
center,  as  shown  at  b,  Fig.  36, 
so  that  the  pieces  first  come  in 
contact  at  this  point,  in  order  to 
give  the  slag  and  impurities  an 
opportunity  to  squeeze  out  as 

the  weld  is  being  closed. 

The  scarfed  ends  of  both  pieces  having  been  brought  to  a 

welding  heat,  and  fluxed  if  necessary,  the  weld  is  made  as 

follows:     Holding  the  shorter  piece  with  the  tongs   in   the 

right  hand  and  the  longer 

piece    in    the    left,    the 

scarfed    faces    of    both 

being    downwards    in    the 

fire,  draw  both  out  of  the 

fire  and  give  each  a  s: 

rap   on   the   edge   of    the 

anvil  to  remove  any  coal 

or    other    substance    that 

may  adhere  to  the  heated 

surfaces.     Next  bring  the 
tcr  piece  to  the  posi- 
tion on    the   anvil    shown 
Fig.    38    (a),    and 

follow     with     the    longer 

piece,  bringing  it  to  the  position  of  the   dotted  outline   b\ 

then,  without  losing  contact  between  the  lon^:  and 

anvil,  bring   b  down  on  «,  as  shown  in  Fig.  38  (If).     The 
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contact  of  b  with  the  anvil  assists  in  controlling  its  move- 
ments. When  b  is  placed  on  a,  a  slight  pressure  on  it  will 
hold  both  in  relative  positions  while  the  tongs  are  dropped 
and  the  right  hand  relieved  so  that  the  hammer  may  be  taken 
and  a  light  blow  deliv- 
ered in  the  direction  of 
the  arrow  c,  Fig.  38  (b}. 
As  soon  as  the  pieces 
stick  together,  the  ends  c 


(a) 


of    the    scarf    may   be 

brought  down   by  deliv-    L ^~  \ 

ering  a  few  light  blows 

on  one  side,  and  then  the  FIG.  38 

piece  turned  over   and   the    other  side   struck   in  the  same 

manner  before  it  has    cooled  below  the  welding  heat.      If 

the  scarfs  are  made  too  long,  it  increases  the  surface  to  be 

welded  and  entails  useless  labor. 

37.  Butt  Welding.— In  the  butt  weld  shown  in  Fig.  39, 

the  two  pieces  are  gener- 
ally upset  a  little  at  first, 
and  then  welded  together 
as  shown.  They  are  ham- 
FIG.  39  mered  on  the  end  to  bring 

them  together,  and  as  this  tends  to  upset  the  pieces  still 
more,  they  are  drawn  out  to  the  required  size  after  the  weld 
has  been  made.  In  preparing  the  ends,  the  surfaces  to  be 
welded  are  made  convex,  as  in  the  scarf  weld,  in  order  to 
allow  the  slag  to  work 
out. 

38.  Lap  Welding. 

In  the  lap  weld,  the  two 

pieces  are  laid  together 

face  to  face,  as  shown  in  Fig.  40,  and  welded.    As  the  faces  are 

not  rounded,  the  hammering  is  started  at  the  center,  gradually 

working  toward  the  edges  in  order  to  work  out  all  the  slag. 

If  the  edges  are  welded  up  and  any  slag  remains  between 

the  faces,  it  will  keep  the  metal  from  uniting  in  the  center. 


FIG.  40 
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39.     C'l.-ft    \\VMiMtf.  — When  a  weld  is  required  to  staiul 
considerable  strain,  si:  caused  by  pi  :  .ending, 

the  pieces  are  generally  joined  by  the  rh-n  \vrid,  shown  in 
j.  -11.      One    of  the  pieces  a  is  upset  to 

width   and  thickness,  and  is  then 
open  iiown  at  a,  and  th« 

cheek  ;    </    spread    apart;    the    other 

piece  is  then  scarfed  on  both  edges,  as 
shown  at  b.  In  welding,  the  pieces  are 
hammered  on  end  to  get  the  weld  to  stick, 
and  then  hammered  on  the  edges  to  close 
the  weld.  The  pieces  should  be  so  formed 
that  the  weld  will  start  at  the  point  /  and 
the  slag  be  forced  out  as  the  sides  c  and  ./ 
are  closed  down. 

40.     Jump   Welding. — The    jump 
is  really  a  special  form  of  cleft  weld.     If  it 
is  desired  to   weld  a  bar  to  a  flat  plate,  a 
conical  depression  is  made   in   the   plat 
show  Fig.  42.     The  bar  to  be  welded  is  poinu 

'   /».     The  two  conical  surfaces  must  be  so  formed 

-ill  come  together 
at  the  point  first,  so  that 
any  sla^  will  be  squeezed  out 
as  the  piece  is  driven,  or 
jumped,  Mat  This 

form  of  v.  rquently  used 

i'.iitc  large  work,  the  bar 
being  driven  to  place  under  the 
steam  hamn. 


Fir.    41 


t  I  .      Building     Up.— It    is 
frequently    inconvenient    or 
impracticable  to  make  a  forging 
out  of  a  single  piece  because  of  the  shape  it  is  to  have, 
ich  a  case  the  forging  is  built  up;    that  i  nade 

of  a  number   of   pieces   that  are  forged   to  their  approxi- 
mate  shapes   and    then   welded   together.     Fig.    43   si 
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a  built-up  forging  in  which  the  welds  are  designated  by 
the  letters  a,  a. 

42.     Fagoting. — The  operation  of  welding  a  quantity  of 

wrought  iron  in  small 
pieces,  as  scrap  iron 
into  a  slab  or  billet,  is 
called  fagoting,  and 
sometimes  shingling. 
In  fagoting,  a  flat 
piece  of  iron  is  laid  on 
a  board  and  the  pieces  of  scrap  iron  are  piled  on  top  of  it, 
making  a  firm  rectangular  pile  with  large  pieces  around 
the  outside  and  small  pieces  in  the  center;  or,  the  flat  piece 
on  the  board  may  be  omitted,  as  shown  in  Fig.  44.  The 


FIG.  43 


FIG.  44 


pile  is  then  heated  in  a  furnace  and  welded  under  a  steam, 
or  other  suitable,  hammer. 


WORK    INVOLVING    SCARF    WELDS 

43.  Making  a  Corner  Plate.— In  order  to  illustrate 
some  of  the  applications  of  the  scarf  weld,  a  few  simple 
cases,  in  addition  to  the  one  already  given,  involving 
the  various  principles  of  welding  in  general  and  of  scarf 
welding  in  particular,  will  be  described. 
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If  a  corner  plate,  like  the  one  shown  in  Fig.  45  (<i),  is  to 
be  made,  two  pieces  of  I"  X  ll"  iron,  each  about  ' 
long,  are  heated  at  one  end,   keeping   one  of   them    near 
the   edge  of   the  fire  so   as   to  heat   it   more  slowly  than 
the  other.     \\  c  is  hot  enough,  it  is  taken  from  the 

fire,  and   the   end    upset    and    then    scarfed,   as    shown    in 
Fig.  45  (6).     This  is  done  by  striking  it,  and  at  the  B 
time  drawing  the  hammer  toward  the  ham],  as   shown   in 
Fig.  36,  in  order  to  draw  the  metal  that  way.    The  other  piece 


45 

is  then  taken  from  the  fire,  upset  at  the  end,  and  one  edge 
scarfed   as  shown    in   Fig.  45  (r).     When   both    pieces 
ready,  they  are  put  into  the  fire  and  raised  to  a  bright 
heat,  turning  them  occasionally  to  get  the  heat  even.     They 
are  then  dipped  into  the  flux  or  the  flux  is  sprinkled  over 
their   surfaces   and   they  are  then  returned    t<>   the   fire   and 
raised  to  a  good  white  heat  on  ti 

turned  occasionally  to  prevent  the  slajr  and  flux  from  drop- 
ping off.     A  >th    pieces   begin    to    approa 
welding  heat,  the  blast  is  turned  on   stronger  in 
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raise  the  final  heat  rapidly;  and  if  it  is  thought  necessary,  a 
little  more  flux  is  thrown  on  the  pieces  while  in  the  fire. 
When  hot  enough,  the  pieces  are  brought  to  the  anvil  and 
put  together.  In  doing  this,  the  pieces  are  held  against  the 
edges  of  the  anvil,  somewhat  as  in  Fig.  38,  care  being  taken 
not  to  touch  the  cold  anvil  with  the  heated  portion.  When 
the  scarfs  are  in  line,  the  pieces  are  brought  down  flush  on 
the  anvil,  having  the  piece  in  the  right  hand  below  the  one 
in  the  left  hand,  so  that  the  left-hand  piece  will  be  able  to 
hold  the  other  down  while  the  right  hand  does  the  ham- 
mering. A  few  rapid  blows  will  make  the  pieces  stick; 
they  are  then  turned  over  to  bring  the  other  face  under 
the  hammer. 

The  form  of  the  scarf  should  always  be  such  that  the  cen- 
ters of  the  surfaces  to  be  welded  come  in  contact  first;  this 
will  cause  the  slag  to  squeeze  out  as  the  pieces  are  hammered 
together.  As  soon  as  the  pieces  cool  to  a  cherry  red,  they 
are  reheated  and  the  weld  finished.  When  black  hot,  both 
sides  of  the  piece  are  struck  against  the  horn  to  make  sure 
that  the  weld  is  well  made.  A  good  weld  will  not  open  on 
being  bent  and  tiien  straightened.  If  the  weld  is  good,  the 
corner  is  tried  with  a  try-square  and  finished  perfectly  sharp 
and  square,  on  the  edge  of  the  anvil,  as  shown  in  Fig.  45  (a). 
The  ends  are  then  cut  off,  making  each  arm  5  inches  on  the 
long  edge.  When  cold,  it  will  be  seen  that  the  weld  is  per- 
fectly tight,  the  slag  having  all  been  squeezed  out  in 
hammering. 

44.  Making  a  T  Plate. — A  T  plate  like  the  one  shown 
in  Fig.  46  (a)  can  be  made  in  nearly  the  same  way  as  the 
piece  described  in  Art.  43.     The  cross-piece  a  is  upset  in 
the  center  and  the  edge  is  scarfed  as  shown  in  Fig.  46  (£), 
and  the  piece  b  is  upset  and  scarfed  on  one  end,  as  in  the 
corner  plate.     When  both  pieces  have  been  prepared,  they 
are  heat?d,  fluxed,  and  welded,  as  described  in  the  construc- 
tion of  fae  corner  plate. 

45.  Making  a  Band   Ring. — In  making  a  band  ring, 
like  the  one  shown  in  Fig.  47  U),  a  piece  of  1"  X  ll"  iron, 
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12  inches  long,  is  upset  at  both  ends.  The  ends  are  scarfed 
on  opposite  sides,  as  shown  at  a  and  b,  Fig.  47  (£),  and  the 
iron  is  bent  into  the  form  of  the  desired  ring.  To  do  this, 


(a) 


Fir..  46 


the  iron  is  heated  and  then  laid  across  the  horn  of  the  anvil 
and  projecting  beyond  it.  The  projecting  end  is  hammered 
and  bent  around,  as  shown  in  Fig.  47  (<:),  until  the  scarfed 


faces  are  in  position  for  welding,  but  about  I  inch  apart. 
The  ends  are  next  heated  and  fluxed,  and  then  raised  to  a 
welding  heat.  To  weld  the  ring,  it  is  brought  to  the  anvil 
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and  slipped  over  the  horn,  with  the  scarfed  ends  on  the  upper 
side  of  the  horn.  A  few  rapid  blows  with  the  hammer  will 
make  the  weld,  after  which  the  ring  is  trued  up  so  as  to  make 
it  round  and  to  make  the  iron  of  the  required  width  and  thick- 
ness throughout.  This  is  done  over  the  horn  of  the  anvil. 

A  very  good  way  of  bending  the  iron  for  a  band  ring,  or  a 
similar  piece,  is  to  use  a  piece  of  i-inch  or  1-inch  round  iron 
bent  into  U  shape,  as  shown  in  Fig.  48  (a).  This  piece  is 
clamped  in  the  vise  with  the  open  end  up,  and  the  iron  to  be 
bent  is  laid  between  the  projecting  ends  and  bent  by  press- 
ing the  end  sidewise,  as  shown  in  Fig.  48  (£),  or  a  fork 
that  has  a  square  shank  to  fit. 
the  hardie  hole  of  the  anvil,  as 
shown  in  Fig.  48  (c),  may  be 
used.  The  iron  may  be  bent 
either  hot  or  cold.  If  the  iron 
is  thin,  it  is  preferable  to  bend 
it  cold,  as  hot  bending  is  liable 
to  kink  it.  If  thin  iron  is  bent 
hot  over  the  horn  of  the  anvil, 
the  jarring  from  the  hammer 
blows  is  also  apt  to  make  the 
projecting  end  sag  and  lose 
its  shape. 

46.  Length  of  Stock  for 

a  King. — The  following  rule  will  be  found  convenient  for 
determining  the  amount  of  stock  required  for  either  band 
or  round  rings. 

Rule. — Add  together  the  inside  diameter  of  the  ring  and  the 
thickness  of  the  stock  and  multiply  the  sum  by  3|. 

EXAMPLE. — What  is  the  length  of  stock  necessary  for  a  ring  of 
2-inch  round  iron  having  an  inside  diameter  of  12  inches? 

SOLUTION.—    12  -f  2  =  14;  14  X  3}  =  44  in.     Ans. 
To  this  must  be  added  a  small  amount  for  upsetting  and  scarfing; 
in  this  case  from  i  to  i  in.  should  be  allowed. 

47.  Making  a  Ring  Hook.— A  ring  hook  of  the  form 
shown  in  Fig.  49  (a)  may  be  scarf-welded.    It  also  shows,  in  its 
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construction,  a  method  of  splitting  stock  for  branch  pieces 
that  is  valuable  in  smithing  operations.     On  a  piece  of  iron 


of  good  quality,  such  as  Norway  iron,  I  inch   square  and 
6  inches  long,  mark  off  with  a  center  punch  2  inches  from 
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one  end  and  draw  this  piece  out  to  5  inches,  leaving  the 
stock  of  the  form  shown  in  Fig.  49  (b).  Next,  the  hole 
shown  at  a  in  Fig.  49  (c]  is  made  with  a  punch,  the  stock  split 
out  to  the  end,  and  the  branches  bent  apart,  as  shown.  The 
shank  is  then  placed  in  a  heading  tool  and  the  branches  bent 
out,  as  shown  in  Fig.  49  (d).  During  this  part  of  the  work, 
great  care  must  be  taken  to  prevent  cracks  from  starting  in 
the  corners,  as  shown  at  b  in  Fig.  49  (d}.  When  the  iron 
has  closed  around  cracks  started  in  this  way,  they  are  known 
as  cold  shuts,  and  the  piece  is  liable  to  be  dangerously 
weak  where  they  occur.  They  may  be  avoided  by  removing 
the  piece  from  the  heading  tool  when  the  branches  have 
been  partially  bent  out,  placing  it  over  the  round  corner  of 


FIG.  50 

the  anvil,  and  using  a  large  fuller  or  a  set  hammer  in  the 
manner  indicated  in  Fig.  49  (<?).  The  branches  are  drawn 
out  to  the  proper  dimensions,  scarfed,  bent  to  the  ring  form, 
and  welded  as  in  the  case  of  the  band  ring.  The  piece  is 
held  in  the  tongs  by  the  ring  while  the  hook  is  being  shaped. 
The  finished  piece  should  be  sound,  show  no  scarf  or  weld 
marks,  and  agree  with  the  dimensions  of  the  drawing. 

48.  Making  a  Flat  Ring.— In  making  a  flat  ring,  as 
shown  in  Fig.  50  (a),  a  piece  of  t"  X  li"  flat  iron  14  inches 
long,  is  cut  off  and  heated,  and  the  end  farthest  from  the 
tongs  is  bent  edgewise  over  the  horn  of  the  anvil.  As 
the  circumference  of  the  outside  circle  aaa  of  the  ring  is 
considerably  greater  than  the  circumference  of  the  inner 
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circle  bbb,  the  iron  will  be  upset  along  the  inner  edge 
stretched  along  the  outer  edge  by  the  bending.     This  will 
make   the   iron   thicker   than  I  inch  at   the    inner   edge 
thinner  along  the  outer;   the  iron  will  also  buckle  and  twist 
when  being  bent.     By  hammering  it  Hut  on  the  anvil,  usin^ 

the  flatter  if  des 
can   be  brought  back  to 
even   thickness;    however,   it 
should  not  be  allowed  to  get 
far  out  •  ind   its  width 

and  thii 

quently  tried  with  the 
pers.  When  bent,  the  iron 
will  have  the  form  shown  in 
Fig.  50  (£);  the  corners  are 
then  cut  off  as  shown  by  the 
dotted  lines  </,  d,  the  ends 
scarfed  and  the  iron  bent  on 
the  anvil,  as  shown  in  Fip.  -M  , 
until  the  scarfs  overlap,  their 
inner  surfaces  remaining 
about  I  inch  apft]  :own 

in   Pig,  52.      The  heat  is  then 
raised,  the  weld  made,  and  the  ring  finished  with  the  hammer. 

49.     Making"  Small   rii.-iin.    -In   making   a  chain   like 

the  one  shov  •),  six  distances  of  3i  inches 

each  . irked   off   on   a   bar   of 

J -inch    round    iron,   29   inches  long. 

be   put   <>n  with  a 

soapstone  pencil  or  the  rod  may  be 
nicked  on  the  hardie.    One  end  of  i 

rod  •  .I,  and  bent  to  tl>.  -hown  in 

Fig.  53  (b}\    it  is  then  cut  off  obliquely  at  the   first    mark, 
as  shown  by  the  line  a  a';  this  r. 

necessary  on  each  weld.     This  link  is  then  heated,  fl; 
and  welded,  and  bent   into  th- 
ine first  link  icd,  the  next  section  of  the  r< 
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enough  to  scarf  and  bend  into  shape.  The  rod  being  cut 
off  at  an  angle  makes  it  easy  to  scarf,  but  the  hammer  must 
be  drawn,  as  shown  in  Fig.  36,  in  order  to  crowd  up  the 
iron  at  the  large  end  of  the  scarf.  When  the  second  link  is 
ready  to  weld,  it  is  fluxed  and  the  heat  raised.  When 
welding  heat,  the  link  is  brought  to  the  anvil,  the  first  link 
caught  up  in  it,  and  the  weld  made,  or  the  previous  link 
may  be  caught  up  in  it  after  fluxing  and  before  putting  it 
into  the  fire  for  the  final  heat.  In  this  way,  five  links  can 
be  made,  the  heat  for  scarfing  and  bending  a  link  being 
raised  while  the  previous  link  is  being  welded.  The  sixth 
link  joins  the  other  five  links  to  the  chain  hook.  After  the 


sixth  link  is  approximately  bent  into  shape,  the  fifth  link  of 
the  chain  and  the  hook  are  caught  up  by  it;  its  ends  are 
then  brought  into  proper  position  and  are  heated  and  welded. 
It  is  often  of  advantage  to  both  the  maker  and  user  to  have 
the  hook  link  made  slightly  longer  than  the  others. 

When  the  six  links  of  the  chain  have  been  made,  the  ring 
shown  at  a,  Fig.  53  (#),  can  be  made  of  the  remaining  7  or  8 
inches  of  the  rod.  The  iron  is  scarfed  at  one  end  and  bent 
into  shape,  after  which  the  first  link  is  picked  up  in  the  ring, 
which  is  then  heated  and  welded.  The  chain  can  be  finished 
by  brushing  it  with  a  stiff  brush  and  some  sand  and  water, 
after  which  it  is  heated  to  a  dull  red  and  dipped  into  linseed 
oil  or  rubbed  with  a  piece  of  oily  waste,  guarding  carefully 
against  fire  in  case  the  oil  ignites. 

50.  Making  a  Pair  of  Tongs. — To  make  a  pair  of 
blacksmith's  tongs  for  holding  flat  iron,  such  as  is  shown  in 


V  FORr, 


Fig.  54,  a  bar  of  1-inch  square  iron,  not  more  than  2 
long,  is  marked  at  2  inches  from  the  end  and  heated.    When 
hot,  the  marked  end  is  flattened  to  a  thickness  of  A  : 
leaving  the  shoulder,  as  shown  at  a,  Fig.  55  (a),  on 'one 
side.     This  may  be  done  by  holding  the  iron  so  that  the 
marked  edge  is  on  the  edge  of  the  anvil  and  by  flattening 
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the  end  with  the  hammer  as  shown.  The  piece  is  again 
heated  and  placed  on  the  anvil,  as  shown  in  Fig.  ")")  (/>), 
and  flattened  for  about  3  inches  in  length.  It  is  then  cut 
from  the  bar  and  the  other  end  eg  of  the  piece  is  offset,  as 

<n  at  r,  Fig.  55  (r),  and  flattened  for  about  3  inch* 
length.     The  end^-</  is  then  drawn  down  to  1-inch  round,  as 
is  shown  in  Fig.  55  (c).     The  end  d  may  be  left  a  little 
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larger  than  \  inch,  and  then  scarfed   for  welding.     Another 
piec<  made  lik'  da  1-inch  round  rod  12  ii. 

long  is  welded  to  each  to  form  the  handles.     A  1-inch  hole 
is  then  punched  through  one  of  the  pieces,  as  shown 
Fig.  55  (</).     The   two   parts  of   tin-    t<m.  now  held 

together  and  the  hole  marked  in  the  second  piece  by  punch- 
ing it  through  the  hole  already  then 

aside  and  the  hole  punched  through  the  other  one. 
The  pi:,  f.  shown  in  Fig.  r>r>  (/•),  that  is  to  hold  the 

two  parts  together  is  made  by  upsetting  a  1-inch  rod  at  one 
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end  and  forming  it  into  a  head.  It  is  then  cut  from  the  bar, 
making  it  the  proper  length,  and  tried  in  the  tongs  to  make 
sure  that  it  fits.  The  pin  is  then  put  into  the  fire  and  heated 
on  the  end  p.  When  hot  the  finished  head  h  is  cooled  by 
being  dipped  into  the  water,  but  the  end  p  is  left  hot.  The 
pin  is  then  put  back  into  the  fire  and  heated  on  the  end. 
When  hot,  it  is  put  through  the  two  holes  and  the  tongs  fin- 
ished by  riveting  the  end  of  the  pin.  It  frequently  happens 
that  the  rivet  bends  in  the  holes;  this  makes  the  tongs  tight, 
but  the  jaws  will  not  stay  parallel.  In  such  a  case  the  rivet 
is  driven  out  while  it  is  still  hot  and  another  one  made. 

The  fuller  may  be  used  to  good  advantage  in  making  the 
tongs.  The  bar  having  been  cut  down  part  way  with  the  hot 
cutter,  the  material  may  be  worked  out  to  approximately  the 
correct  form  with  the  fuller.  Sometimes,  it  is  well  to  take  a 
heat  over  the  work;  this  consists  of  going  over  the  piece, 
when  it  is  at  a  white  heat,  with  a  light  hand  hammer.  In 
this  way,  the  fibers  that  have  become  separated  are  rewelded 
and  the  forging  improved. 

In  making  tongs,  it  is  well  to  inspect  the  parts  very  closely 
before  putting  them  together.  A  good  way  to  detect  flaws 
and  defects  is  to  heat  the  suspected  part  to  a  dull  red;  this 
will  show  all  defects  such  as  cracks,  seams,  poor  welds,  etc. 
The  welds,  angles,  offsets  in  the  jaws,  and  the  metal  near  the 
punched  holes  are  very  liable  to  show  defects.  If  the  defects 
cannot  be  remedied,  a  new  part  must  be  made. 


WORK    INVOLVING    BUTT    WELDS 

51.  Knuckle-Joint  Strap.— To  make  a  knuckle-joint 
strap,  shown  in  Fig.  56  (a),  a  short  bar  of  stock  is  taken, 
slightly  wider  than  one-half  the  width  a  of  the  strap,  and  of 
the  thickness  shown  at  b.  The  notch  c,  Fig.  56  (£),  is  made 
with  the  fuller,  and  the  end  of  the  bar  drawn  to  the  form 
shown  by  the  dotted  lines.  Next,  this  end  of  the  bar  is  cut 
off  at  such  a  place  as  will  give  the  piece  shown  in  Fig.  56  (c], 
and  the  face  hollowed  as  shown  at  d.  A  second  piece  of  the 
same  form  is  then  made,  except  that  the  face  d  is  convex 
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instead  of  concave.     There  will  now  be  two  pieces,  as  shown 
in  Fig.  56  (</);  these  are  to  be  welded  together,  tl. 
of  width  having  been  given,  that   they  might  close  slightly 
at  /,  Fig.  56  (</),  during  this  operation. 

To  weld  them  together,  the   two  pieces  are  heated  at  the 
same  time.    V.  it,  the  pieces  are  placed  on 

iiivil  in  the  relative  position  shown  in  Fig.  56  (</),  and 
the  weld  made  with  light  blows  of  sledge  hammers,  or  they 
may  be  placed  between  the  dies  of  a  power  hammer  and 
welded  with  light  blows,  care  being  taken  that  the 
not  draw  the  sides  too  close  to  each  other.     Too  heavy  blows 
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are* liable,  also,  to  spread  the  edges  of  the  weld  and  weaken 

it.     The  piece  should  be  turned  on  it 

are  welded,  and  the  sides  closed  before  the  wcldii 

lost.     It   must  be  remembered  that  the  weld  is  due  to  the 

fluid  •    metal  at  the  surfaces  that  are  j«  > 

-red  should  have  only  force  ei 
bring  the  surfaces  entirely  together.  After  the  weld 
the  grooves  shov.  ijj.  56  (t)  are  made  with  the  fuller, 

and  the  end  drawn  out  as  shown  by  the  dotted  lines.     The 
en  cut  to  the  curved  form  shown  in  1  )  by 

the  use  of  a  hot  cutter,  and  this  end  finished  on  the  anvil. 
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WORK    INVOLVING    LAP    WELDS 
52.     Making  a  Bolt  Head  by  Welding  on  a  Kln^.— In 

this  example,  it  is  required  to  form  the  head  of  the  bolt  by 
welding  a  ring  around  the  end  of  a  round  rod  Ij  inches 
in  diameter.  Fig.  57  (a)  shows  the  form  and  dimensions  of 
the  bolt  to  be  made.  The  ring  should  be  made  from  a  piece 
of  bar  iron  1  inch  wide  and  i  inch  thick.  The  length  of  the 
stock  required  may  be  found  by  the  rule  already  given. 
The  diameter  of  the  ring,  1\  inches,  and  the  thickness  of 
one  side,  i  inch,  are  added  together,  giving  U  inches. 
Then,  If  X  3$  =  %  X  ¥  =  5|  inches,  which  is  the  length  of 
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FIG.  57 

stock  required  for  the  head.  The  end  of  this  piece  is  upset 
slightly  and  scarfed,  and  then  bent  around,  as  shown  in 
Fig.  57  (£);  it  is  then  cut  from  the  bar  by  an  oblique 
cut  a  a'.  The  ring  and  the  end  of  the  rod  are  then  heated 
and  fluxed  for  welding.  When  taken  from  the  fire,  the 
end  of  the  rod  is  quickly  placed  in  the  ring  and  they  are 
welded  together  by  light  hammer  blows  on  the  side  of  the 
ring.  For  this  operation,  the  position  of  the  rod  is  horizontal, 
and  it  is  turned  so  that  the  hammer  may  strike  different 
portions  of  the  side  of  the  ring  at  each  blow.  Care  should 
be  taken  that  the  ends  of  the  ring  are  welded,  as  well  as  that 
the  ring  is  welded  to  the  rod. 
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Another  heat  is  taken  and  the  head  is  dressed  more  nearly 
to  form  with  the  hammer,  and  the  bolt  is  placed  in  the  head- 
ing tool  or  the  swage  block  to  brin^;  the  under  side  and  the 
top  of  the  head  roughly  ti>  irfaces.  The  head  is  then 

laid  in  the  groove  of  the  swage  block,  and  the  swage  used 
to  form  the  sides  of  hexagonal  head. 

Pi:  U'TIC  XL    I   \  \MPLE8  OF   FORGING 

53.       1..I--IH-     a     i:.M-k.   r-  \riii     l-'rniii   (>ii<>   Piece. — For 

purpose,  round  st«  large  enough  in  <: 

eter  to  give,  when  flattened,  the  dimension  at  a,  Fig.  58  (</), 


f 
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•• 

<*> 

and  drawn  to  the  form  shown  in  Fig.  68  (£);  this  will  require 

great  care,  for  there  is  danger  that  'tli  iy  be 

le   too  great,  or,  if  this  is   right,   that    tin-   dimension   b 
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may  be  too  small.  Enough  of  one  end  is  flattened  to  f 
the  arm,  and  drawn  to  the  form  shown  in  Fig.  58  (c). 
The  dimension  d,  Fig.  58(<r),  is  made  to  correspond  to  </, 
Fig.  58  (a).  In  flattening  this  piece,  the  work  is  done  with 
the  hammer,  the  side  toward  which  the  stock  is  drawn  being 
made  as  true  and  flat  as  possible  from  the  shoulder  to  the 
end,  and  the  recess  at  d  formed  by  the  use  of  the  fuller;  this 
leaves  the  stock  /  on  the  end,  from  which  to  form  the  boss. 
Next,  the  piece  is  clamped  firmly  near  one  shoulder  and  the 
flattened  portion  bent  down,  making  the  whole  piece  of  the 
form  shown  in  Fig.  58  (d).  This  may  be  done  by  clamping 
the  piece  between  the  hammer  dies  and  driving  down  the 
arm  with  sledge  hammers.  The  boss  is  rounded  as  shown 
at  g,  Fig.  58  (e) ,  by  first  shaping  it  to  the  form  shown  by  the 
dotted  lines  at  g,  Fig.  58  (d),  and  then  rounding  it  to  form 
the  boss.  The  portion  outside  the  shoulder  on  the  other 
end  of  the  piece  is  treated  in  the  same  manner,  or  both  ends 
may  be  flattened  and  notched  first,  and  then  bent.  Rocker- 
shafts  are  also  forged  by  welding  both  arms  to  the  shaft. 

54.  Forging  a  Rocker- Arm  With  Welded  Shoulder. 

When  it  is  not  considered  desirable  to  use  stock  that  is  large 
enough  to  form  a  shoulder  of  the  required  size,  the  shoulder 
should  be  made  in  the  manner  indicated  in  Fig.  58  (/).  The 
rocker-arm  is  made  from  the  stock  at  hand,  leaving  it  too 
small  at  the  shoulders  and  on  the  arms  near  the  shoulders. 
A  separate  piece  of  stock  is  drawn  to  the  form  shown  at  *, 
Fig.  58  (/),  and  bent  to  fit  closely  around  the  shoulder  that 
has  been  formed,  as  shown  by  the  dotted  lines.  A  welding 
heat  is  then  taken  in  one  shoulder,  and  that  side  is  welded; 
this  is  repeated  on  the  other  side.  After  both  shoulders 
have  been  treated  in  this  way,  the  whole  piece  is  gone  over 
carefully  and  dressed  to  shape. 

55.  Locomotive  Reverse  Shaft.— The  method  of  forg- 
ing a  locomotive  reverse  shaft  varies  in  different  shops,  but  a 
good  way  of  doing  it  is  shown  in  Figs.  59  and  60.     The  shaft 
is  first  heated  at  a  where  one  of  the  arms  is  to  be  welded,  and 
enlarged  by  upsetting,  which  is  accomplished  by  swinging 
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a  he  ;>ended  steel  ram  b,  Fig.  61,  against  its  end, 

the*  shaft  being  supported  in  a  special   fixture  or  anvil  c, 
Fig.  69,  made  for  the  purpose.     Similar  heats  are  tak 
other  points  where  arms  are  to  be  welded.     The 
prev:  '>rged,    usually    under    a    drop    hammer.     The 

end  of  each  arm  is  split,   and  each  end  is  drawr. 
show  (JO   (£).     Fig.  60   (c)    ftlfl 

some  of   the  details  of  the  form  of   the   arms    and 
before    welding.     The   small    arm    a,    Fig:.  (50    (a). 
welded  to  the  shaft,  after  which  one  of  the  link  supporting 


arms  d  is  welded  on  in  the  following  manner:     The  shaft 

is  heated  in  one  fire   and   the   end  of   the  arm  in  another; 

when  they  are  both   at   the  proper  heat,  they  arc   brought 

;>ped   into    the    <  ecial 

support  c%  and  the  arm  placed  on  it.     A  :  ;  p  blows 

on  the  upper  end   of   the  arm   commence   the  weld  at  the 
center,  and  blow  ig.  60  (/>),  complete   it,  a 

swage  being  used  to  finish  the  fillets  about  the  end  of  the 
arm.     The  other  arm  //  is  then  welded  on  in  the  same 
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The  long  arm  g  on  the  end  of  the  shaft  is  sometimes  made 
by  first  welding  on  a  short  piece,  after  which  the  shaft  is 
taken  to  the  machine  shop  for  machining,  and  is  then  returned 
to  the  smith  shop,  and  the  remainder  of  this  long  arm  welded 
on.  The  object  of  this  method  is  to  overcome  the  difficulty 
of  turning  the  shaft  in  the  lathe  with  the  long  arm  on  it. 


Fio    60 

During  the  welding  the  weight  of  the  shaft  is  partially  sup- 
ported by  the  chain  z,  Fig.  59,  hanging  from  a  chain  block 
on  a  swinging  crane.  The  shaft  is  handled  by  the  fixture  /, 
which  is  fastened  to  it  by  means  of  a  clamp  k  provided  with 
a  gib  and  key.  The  end  of  the  clamp  k  has  a  thread  and 
nut  for  the  purpose  of  attaching  weights  to  counterbalance 
the  arms  d  and  h.  The  main  forge  is  located  at  /,  Fig.  61. 
The  forge  in  which  the  arms  are  heated  is  located  at  m.  A 
cast-iron  plate  n,  about  4  feet  by  7i  feet  in  size,  planed  on 
the  top  and  the  edges,  strongly  ribbed  on  the  bottom,  and 


provided  at  one  side  with  a  pair  of  cent  stable  length- 

wise in  a  j«jo<  ^ed  to  test  th 

There  is  a  space  of  3  or  4  feet  between  the  fixture  c  and 
the  plate 

56.     Locomotive    v.-ii\«-     Y..K.  .  -There 
methods  of  making  a  locomotive  valve  yoke.     One  ot 


best  is  to  take  a  piece  of  square  hammered  ir  -.own 

by  the  dotted  lin-  iw  one  end  as  shown 

at  a.     The  other  en<:  end 

drawn  out  as  hich  the 

split 

-th  and  bent 

as  shown   at  /.with  ••••:  iinc- 

:c  is  welded  and  then  the  other,  when  it 
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remains  to  give  the  yoke  the  necessary  finish.     The  clamp  g 
is  used  to  hold  the  parts  in  place  while  making  the  first 


weld  at  e. 

57.     Forging  a  Wrought-Iron  Rudder  Frame.— Many 

rudder  frames  of  late  years  have  been  cast  in  open-hearth 
steel,  in  one  piece, 
but  owing  to  the  pos- 
sibility  of  hidden 
blow-holes,  or  invisi- 
ble cracks  in  the 
corners,  a  wrought- 
iron  frame  is  some- 
times preferred. 
Fig.  63  shows  such  a 
frame  in  which  it  was 
necessary  to  make  FIG.  62 

19  welds,  the  location  and  order  of  which  are  shown  by  the 
figures,  the  dotted  lines  showing  the  character  of  each  weld. 
Number  19  was  made  by  welding  in  a  diamond-shaped  piece, 
or  glut,  which  has  the  fiber  of  the  iron  lengthwise  in  the 
finished  work. 

The  main  piece,  which  in  this  case  is  23  feet  long,  is  shown 
at  a.     Eight  inches  of  the  upper  end  is  square,  below  which 
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FIG.  63 

it  is  turned  9  inches  in  diameter,  a  length  of  6  feet.  A  pivot  c 
is  also  turned  at  the  lower  end.  The  part  of  the  frame  d 
to  which  the  arms  are  welded  is  square  on  that  side  and  half 
round  on  the  back,  as  shown  in  section  at  e.  The  arms, 
where  they  are  joined  to  d,  are  from  3  to  4  inches  by 
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9}  inches.     At  the  outer  end  /  they  are  3  inches  by  0}  inches, 
and  the  part  of  the  frame  at^  is  the  same  size.     Most  of  the 
welds  are  V-shaped,  or  cleft  welds,  but  occasionally  it  is  tOun-l 
advisable  to  make  use  of  a  double-cleft  weld  into  wh 
diamond-shaped  piece  is  welded.     The  most  of  the  welding 
is  done  without  taking  the  frame  out  of  the  fire.     The  fr 
having   been   laid  on  a  flat   topped   forge 
enclosed  in  firebrick  at  the  point  to  be  welded;  the  fire  is 
then  built  under  and  around  the  point,  the  top  of  the  brick- 
work being  covered  with  several  sections  made  up  of  an  iron 
frame  filled  with  firebrick  and  provided  with  a  bail,  or  eye- 
bolt,  for  lifting  the  section  to  replenish  the  fuel  or  remove 
the  work.     Sometimes  a  chain  fitted  with  a  turnbuckle  is  so 
arranged  on  either  side  of  the  frame  as  to  enable  the  j 
that  are  to  be  welded  to  be  drawn  together.     Two  steel  ram- 
ming bars  are  provided,  each  about  9  feet  long  and  12  ir 
in   diameter,   except  at    the  working   end,   where  they   are 
2i  inches  in  diameter  and  slightly  rounded.     When  the  weld- 
ing heat  is  reached,  the  tnrnbuckles  are  quickly  ti^lm 
the  ramming    bars    introduced    through   either   end   of    the 
furnace,  and  the  scarf  of  the  weld  vigorously  pounded  down. 
The  top  covers  of  the  furnace  are  then  removed  and  three 
men  with  sledges  finish  the  upper  edge  of  the  weld.     The 
piece  is  then  lifted  out  of  the  fire  and  placed  on  the  anvil  and 
the  entire  weld  gone  over  with  sledges,  three  men  striking 
at  the  rate  of  about  36  blows  each,  or  108  blows  per  mi 
on  the  work.     Care  is  usually  taken  to  have  a  little  surplus 
stock  at  the  weld,  which  is  then  trimmed  off  with  a  hot 
cutter. 


r»s.     WH.iinir    ripe.  —  An   open  fire  with  an  < 
hood  is  well  adapted  to  pipe  welding,  which  may  br 
a  forge  fire  in  several  ways.     In  the  case  of  extra  heavy 
iron  or  mild  steel  pipe  welded  together  in  len: 
from  two  pipe  lengths  to  300  or  4<>< 

.nd  sometimes  for  steam  coils  for  heating  liquid, 
the  pipe  may  be  prepared  by  reaming  it  out  at 
taper  of  about  60°,  the  other  end  being  given  an  on; 
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taper  to  match.  This  can  be  done  on  a  turret  machine  or, 
with  suitable  dies,  on  a  bolt  cutter.  For  long  lengti 
wooden  trough  or  box,  as  long  as  the  pipe,  is  usually  pro- 
vided. The  ends  of  the  pieces  of  pipe,  with  inside  and  out- 
side taper,  are  placed  in  the  fire  and  brought  to  a  welding 
heat,  using  a  little  sand  or  other  flux  if  the  material  requires 
it.  The  ends  of  the  pipe  are  brought  together  in  the  fire, 
and  two  or  three  sharp  blows  are  given  on  the  cold  end  of 
one  of  the  pipes  by  the  helper,  the  smith  meantime  holding 
the  other  pipe.  The  weld  is  started  by  the  blows  on  the  end 
of  the  pipe,  which  is  quickly  drawn  through  the  fire,  bringing 
the  weld  into  a  bottom  swage  or  on  to  an  anvil  located  near 
the  fire  and  directly  under  the  pipe.  The  blacksmith  applies 
a  top  swage,  while  the  helper  strikes  light  quick  blows  on 
the  swage  with  a  very  light  sledge  hammer,  the  blacksmith 
turning  the  pipe  meanwhile.  The  welding  must  be  very 
quickly  done,  as  pipe  cools  more  quickly  than  solid  iron.  A 
few  passes  of  a  coarse  file  will  remove  the  scale,  and  the  pipe 
is  then  moved  endwise  in  the  trough  for  the  next  weld. 

59.  Welding  Boiler  Tubes. — Boiler  tubes  that  have 
been  burned  or  worn  at  one  end  may  sometimes  be  repaired 
by  cutting  off  from  4  to  6  inches  of  the  defective  ends  and 
piecing  them  out  by  welding  on  new  ends.  Boiler  tubes 
being  generally  made  of  good  material,  but  thin,  are  not 
countersunk  and  tapered,  but  are  heated  at  the  end,  one 
end  being  slightly  enlarged  on  the  horn  of  the  anvil  or  on  a 
tapered  mandrel,  and  the  end  of  the  other  piece  being 
slightly  tapered  by  swaging  down.  After  the  entire  set  of 
tubes,  or  at  least  a  large  number  of  them,  and  the  short 
pieces  have  been  thus  prepared,  the  welding  is  proceeded 
with  by  putting  them  into  the  fire  side  by  side,  and  bringing 
them  quickly  to  the  welding  heat,  rotating  each  in  the  mean- 
time. The  smith  then  takes  the  tube,  and  the  helper  the 
short  piece,  to  the  anvil,  where  they  are  put  together,  driven 
endwise,  and  swaged  quickly  to  complete  the  weld. 
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MANUFACTURE,    TEMPER,    AND    TREATMENT 

1*  Definitions. — The  steels  commonly  used  in  making 
tools  are  compounds  of  iron  and  carbon,  and  are  classified 
as  high-carbon  steels,  to  distinguish  them  from  the  alloy 
steels,  which  contain,  in  addition  to  carbon,  some  one 
or  more  of  the  following  elements:  manganese,  nickel, 
aluminum,  chromium,  tungsten,  molybdenum,  copper,  arsenic, 
sulphur,  and  phosphorus,  the  last  four  elements  being 
impurities  that,  when  present  in  any  considerable  quantity, 
injuriously  affect  the  quality  of  the  steel.  The  high-carbon 
steels  are  also  known  as  tool  steels,  the  various  grades  of 
which  differ  from  one  another  principally  in  the  amount  of 
carbon  they  contain.  The  most  valuable  property  of  high- 
carbon,  or  tool,  steel  is  that  it  can  be  hardened  and  tempered. 

The  best  grade  of  tool  steel  is  made  by  what  is  known 
as  the  crucible  process,  and  is  called  crucible  steel. 
Other  forms  of  tool  steels,  of  lower  grades,  are  called  blister 
steel  and  shear  steel.  The  processes  by  which  these  are 
made  are  described  briefly  in  the  following  articles. 

2.  Blister  Steel. — In  the  manufacture  of  blister  steel 
wrought  iron  is  packed  in  charcoal  and  then  heated  to  a  high 
temperature;  the  iron  absorbs  carbon  from  the  charcoal,  and 
is  thereby  converted  into  steel.  Blister  steel  is  made  of  bars 
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of  very  pure  wrought  iron,  which  is  practically  free  from 
carbon.  The  bars,  which  are  about  I  inch  by  5  inches,  and 
12  feet  long,  are  packed  with  pulverized  charcoal  in  boxes 
made  of  fire-resist  in;.,  il,  which  .lly  a  special 

stone  cut  into  slabs  to  make  boxes  about  3  feet  wide  by 

3  feet   high.     Layers   of   iron   are   alternated  with    la 
of  charcoal  to  fill  the  boxes',  after  which  they  are  scale 
exclude  the  air.     The  boxes  are  placed  in  a  furnace  in  which 
the  temperature  is  gradually  raised  to  about  3,000°  F.,  and 
maintained  so  for  several  days,  after  which  the  furnace  is 
allowed  to  cool.     The  carbon  in  the  metal  is  not  uniformly 

owever,  the  proportion  of  carbon  being  gn- 
at the   surface.     Since  this  process  of   manufacture  ca 
portions  of  the  surface  of  the  metal  to  swell  out  or  b! 
into  scales,  the  product  is  called  blister  steel.     This  steel  is 
quite  brittle,  and  because  of  its  uneven  structure  is  uni 
general  use.      Sometimes  the  blisters  are  scraped  off 
the  bars  heated  to  a  cherry  red  for  a  few  days  in  order  to 
>ute  the  carbon  more  evenly  throughout  the  metal. 

3.  Shear  Steel. — Shear  steel  is  made  from  blister  steel 
by  cutting  up  or  breaking  the  bars  into  short  lengths,  then 
piling,  heating,  and  fluxing  them,  and  brini^in^  them  to  a 
welding  heat,  when  they  are  welded  together  under  a  h< 
hammer  and  rolled  out  into  bars.     If  the  bars  of  s! 

are  again  cut  up  and  the  short  pieces  welded  into  a  block  and 
then  rolled  into  bars,  the  product  is  called  </<>/,  steeL 

whit :  ^ses  greater  uniformity  of  structure  th 

shtar  slcrl.      ^  ••landM:  now  seldom 

directly  r  \cept  in  eases  where  it  is  necessary  to  weld 

steel,  as,  for  instance,  in  anvil  faces. 

4.  <  ru<-n,].  .     or    Cast,     Steel. — What     is     known     as 
•  •i -in •!»>!<•  st«  .  i  ,ade  by  melti 

com!  '  ,;s.    in   a  crucible,    and 

then  that    is   reheated   and 

rolled  into  bn-  of  making  crucible  steel,  which 

is  also  called  cast  steel,  is  to  pack  1>:  1,  which 

be  broken  into  small  pieces,  into  crucibles,  and  then  melt  it. 
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These  crucibles  are  about  2  feet  high  and  10  inches  in  diam- 
eter, and  are  capable  of  withstanding  very  high  temperatures. 
The  melting  furnaces  are  of  various  forms,  but  all  are  either 
lined  with  or  made  entirely  of  refractory  material;  frequently 
they  are  rectangular  in  form,  and  large  enough  to  hold  two 
crucibles  with  the  necessary  fuel  for  melting  their  charges. 
They  are  arranged  side  by  side  in  a  row  and  connected  with 
a  common  flue;  their  tops  are  usually  on  a  level  with  the 
floor,  while  the  ash-pits  are  reached  from  a  pit  extending 
along  the  front  of  the  row. 

Sometimes  manganese  and  also  material  for  a  flux  are 
added  to  the  charge  in  the  crucibles,  after  which  the  crucibles 
are  carefully  covered  with  air-tight  lids  made  of  the  same 
material  as  the  crucibles.  After  the  charge  is  fused,  it  is 
cast  into  an  ingot,  which  is  more  uniform  in  structure  than 
the  blister  steel  from  which  it  was  made.  This  ingot  is 
reheated  and  worked  under  the  hammer,  then  rolled  or  ham- 
mered into  bars  and  placed  on  the  market;  this  working 
greatly  improves  the  quality  of  the  metal. 

The  product  of  this  method  of  working  was  the  first  to  be 
called  crucible  or  cast  steel,  but  now  the  term  is  applied  also 
to  the  product  obtained  by  fusing  together  in  sealed  cru- 
cibles, as  described  above,  wrought  iron  and  carbon,  to  which 
there  are  sometimes  added  manganese,  tungsten,  chromium, 
molybdenum,  and  a  flux,  and  casting  them  into  an  ingot  that 
is  treated  in  the  same  manner  as  that  just  described. 

The  material  called  cast  steel,  the  use  of  the  term  being 
herein  confined  to  crucible  tool  cast  steel,  must  be  carefully 
distinguished  from  the  material  represented  by  the  term  steel 
casting.  The  latter  term  denotes  a  material  made  by  a  dif- 
ferent process,  and  is  altogether  different  from  cast  steel. 

Many  of  the  modern  furnaces  are  fired  by  gas  or  crude  oil. 
The  contents  of  the  crucibles  are  sometimes  poured  into 
a  large  ladle,  which  mixes  the  charge  and  insures  a  more 
uniform  grade  of  steel.  The  contents  of  this  large  ladle  are 
then  poured  into  ingot  molds,  and  these  ingots  are  subse- 
quently worked  down  under  hammers  or  with  rolls:  The  best 
tool  steel  is  worked  down  entirely  under  hammers. 


4  §58 

5.    Temper  <>r  Tool  Steel. — The  steel  maker  uses  UK 
word  temper  to  indicate  the  amount  of  carbon  in  the  s: 
thus,  steel  of  high  temper  is  steel  containing:  a  high  per- 
centage of  carbon;  steel  of  low  temper  is  steel  containing 
little  carbon;   steel  containing  amounts  of  carbon  between 
these  is  said  to  be  of  medium  temper.     This  term  should 
not  be  confused  with  the  act  of  tempering,  which  is  an  oper- 
ation for  reducing  the  hardness  of  steel  to  such  a  degrc 
to  adapt  it  for  doing  the  particular  kind  of  work  requ 
The  temper  of  steel  is  often  indicated  by  saying:  that  it  1. 
certain  number  of  points  of  carbon,  a  point  being  .01  per 
cent.;  thus,  when  it  is  said  that  a  piece  of  steel  contains  ten 
points  of  carbon,  it  has  ten  one-hundredths  per  cent.,  or  one- 
tenth  of  1  per  cent,  of  carbon,  which  is  written  .1  per  cent. 
carbon. 

Seebohm  gives  the  following  list  of  useful  tempers  for 
tool  steel: 

Ka/'.r  t<  nip.  r,  1.5  per  cent,  carbon.     This  steel  requ 
very  skilful  manipulation,  as  it  is  easily  burned  by  beinj,' 
overheated;  when  used  for  turning  chilled  rolls,  it  will  do 
much  more  work  than  ordinary  tool  steel. 

Saw-file  temper,  1.4  per  cent,  carbon.  This  steel  also 
requires  very  careful  treatment;  although  it  will  stand  a 
higher  degree  of  heat  than  the  preceding  temper,  it  should 
not  be  heated  beyond  a  cherry  • 

Tool  tcm|M-r,  1. '-'•'»  per  cent,  carbon.     Steel  of  this  ten 
is  most  useful  for  drills  and  lathe  and  planer  tools  when  they 
are  to  be  used  by  the  average  workman;   by  careful   and 
skilful    manipulation,   it    is    possible  to  weld    steel   of   this 
temper. 

Spindle  tc»inpi-r.  1.1  per  cent,  carbon.  This  is  a  good 
temper  for  very  large  turning  tools,  circular  cutters,  mill 
picks,  taps,  screw-thread  dies,  and  the  like;  it  requires  much 
care  in  welding. 

Chisel  t<»iiip<*r,  1  per  rent,  carbon.     Th  «cful 

temper  for  a  great  variety  of  tools.  The  steel  is  not  difficult 
to  weld,  is  tough  when  unhardened.  and  may  be  hardened  at 
a  low  heat,  it  is  well  adapted  for  tools  that  must  have  a  hard 
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cutting  edge  backed  by  unhardened  metal  that  will  transmit 
the  blow  of  the  hammer  without  breaking,  as  in  cold  chisels. 

Set  temper,  .8  per  cent,  carbon.  Steel  of  this  temper  is 
well  adapted  for  tools,  such  as  cold  sets,  having  an  unhard- 
ened part  that  must  hold  up  under  the  severe  blows  of  a 
hammer;  it  may  easily  be  welded  by  a  smith  accustomed  to 
working  tool  steel. 

Die  temper,  .75  per  cent,  carbon.  This  temper  is  suitable 
for  tools  that  must  have  a  hardened  surface  and  be  able  to 
withstand  great  pressure,  as  dies  for  drop  hammers,  or  for 
pressing  or  cupping  sheet  metal  into  boiler  heads  and  allied 
forms;  it  is  easily  welded.  Recent  practice,  however,  has 
tended  toward  the  use  of  steels  of  higher  temper  for  die  work. 

The  percentage  of  carbon  in  the  steels  suitable  for  different 
classes  of  work  under  average  conditions  are  as  follows: 

.5  per  cent,  carbon  for  hot  work,  battering  tools,  ham- 
mers, etc. 

.6  to  .7  per  cem.  carbon  for  dull-edged  tools. 

.7  to  .8  per  cent,  carbon  for  cold  sets  and  hand  chisels. 

.8  to  1  per  cent,  carbon  for  chisels,  drills,  dies,  axes, 
knives,  etc. 

1  to  1.2  per  cent,  carbon  for  axes,  knives,  large  lathe  tools, 
large  drills,  and  dies.  If  used  for  drills  and  dies,  great  care 
is  required  in  tempering. 

1.2  to  1.7  per  cent,  carbon  for  lathe  tools,  small  drills,  etc. 

The  best  steel  for  general  work  is  that  containing  from 
.9  to  1  per  cent,  carbon. 

6.  Annealing  is   a  term   applied  to  the   operation    of 
heating  steel  to  a  cherry  red  and  then  permitting  it  to  cool 
slowly,  thereby  causing  it  to  become  soft  and  of  uniform 
structure  throughout. 

7.  Hardening  is  a  term  appliedjo  the  operation  of  heat- 
ing steel  to  a  medium  cherry  red  and  then  cooling  it  suddenly. 
The  steel  is  usually  cooled  by  plunging  it  in  water.     The 
degree  of  hardness  depends  on  the  amount  of  carbon  in  the 
steel,  the  temperature  to  which  it  is  heated,  and  the  sudden- 
ness with  which  it  is  chilled. 
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For  hardening  high-carbon  tool  steel,  it  should  be  heated 
to  from  1,330°  F.  to  1,365°  F.,  and  never  above  1,470°  F. 

tungsten  ore)  eel  is  heated  to  1,800°  or  2,000°  F. 

and  cooled  in  a  blast  of  air,  or  in  warm  oil,  tin-  11  be 

hardened.  This  operation  is  often  termed  treating  <>r  MI  i •- 
1 1 MI-. 1 1 ni  ii--.  :'  <:<>ne  with 

8.    Temp.  a   term   applied  to  the  operation  of 

reducing  the  hardness  of  steel  to  any  desired  degree.  If  a 
hardened  piece  of  steel  is  slowly  heated,  it  will  gradually 
become  softer  as  the  temperature  rises;  when  the  desired 
hardness  is  reached,  any  further  rise  in  temperature  and 
consequent  softening  of  the  steel  can  be  prevented  by 
dipping  it  into  some  cold  liquid. 


WORKING   TOOL,  STEEL 


SPECIMEN    PIECE 

9.  Pr<-p:«rinir  sp,.,-iiii«.ii  Piece.—  The  hardening  char- 
acteristics of  steel  may  be  shown  by  making  imen 
piece,  such  as  is  shown  in  Fig.  1,  and  so  tempering  it  that 


it  will  present  all  the  degrees  of  hardness  from  an  annealed 
soft  steel  to  one  so  hard  and  brittle  that  a  sharp  corner  of  it 

cratch  glass. 

A  piece  of  tool  steel  is  drawn  out  to  a  wedge  shape 
shown,  measuring  i  inch  by  I  inch  at  the  small  end,  and 
i  inch  by  1  inch  at  the  large  end.    The  tapering  part  is  made 
about  4  inches  long,  but  2  inches  of  i  "  X  1"  stock  is  left  on 
the  large  end,  making  the  total  length  of  the  piece  0  in 
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This  piece  is  filed  bright  and  is  then  polished  with  emery 

cloth. 

10.  Hardening  Specimen  Piece. — The  piece  is  heated 
to  a  bright  red  and  then  dipped  into  cold  water,  being  held 
in  the  tongs  by  the  large  end.     It  should  be  dipped  endwise 
and  vigorously  moved  up  and  down  until  cold  throughout. 
When  cold,  it  is  again  rubbed  with  emery  cloth  until  bright. 
It  will  be  found  to  have  a  mottled  appearance;  the  file  will 
not  cut  it,  and  it  is  hard  and  brittle. 

11.  Drawing  the  Temper. — If  the  end  of  a  bar  of  iron 
at  least  1  inch  square  is  heated,  and  the  specimen  piece  laid 
on  the  hot  bar,  while  a  piece  of  cold  iron  about  1  inch  thick 
is  laid  under  the  point  to  keep  it  from  touching  the  hot  iron, 
the  large  end  a  will  rapidly  become  hot  from  its  contact  with 
the  heated  bar  of  iron,  while  the  other  end  c  will  warm  up 
very  slowly.     Soon  it  will  be  noticed  that  colors  have  begun 
to  appear  on  the  surface  of  the  steel.     A  very  pale  yellow 
starts  at  the  hot  stock  and  creeps  toward  the  small  end,  being 
followed  by  a  darker  yellow,  then  by  a  brown,  and  so  on, 
until  by  the  time  the  yellow  is  close  to  the  small  end,  the 
large  end  is  of  a  deep  slate  color;  this  operation  is  called 
drawing  the  temper. 

12.  Temper  Colors. — The  colors  produced  in  temper- 
ing steel  tools  are  caused  by  the  oxidation  of  the  surface  of 
the  steel.    The  amount  and  character  of  oxidation,  and  there- 
fore the  color,  vary  with  the  temperature,  and  indicate  the 
temperature  to  which  the  part  has  been  heated. 

The  colors  in  their  regular  order,  beginning  with  that  indi- 
cating the  greatest  hardness  of  the  steel,  are  generally  known 
by  the  following  names:  very  pale  yellow,  pale  yellow,  full  yel- 
low or  straw,  brown,  brown  with  purple  spots,  purple,  dark 
blue,  full  blue,  light  blue,  and  gray.  By  the  time  the  first 
tinge  of  yellow  appears  within  i  inch  of  the  small  end,  the 
heat  of  the  stock  will  be  nearly  spent;  at  this  time  the  piece 
should  be  plunged  into  water  and  cooled  for  the  purpose  of 
fixing  the  temper  and  color.  The  piece  will  then  be  soft 
enough  to  file  at  the  large  end  a,  while  the  point  remains 
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hard  and  brittle.  If  the  piece  is  cooled  in  an  air  blast,  tin- 
colors  will  be  brighter. 

i;>.       T«-m|M   r:it  ur<   -    (   , ,  r  r<  -  pond  i  1 1  ^    to    Temper   Col- 

ors. — Table  I  shows  what  colors  are  produced  at 
temperatures,  and  it  also  gives  the  names  of  a  few  tool 

nts   usually    tempered    to   the    va;  ijrees  of 

hardness  obtained  at  these  temperatures.  The  temper 
should  be  drawn  slowly,  as  it  is  easier  to  watch  changes 
of  color,  and  iger  of  drawing  it  too  far  is  red-: 

Different  makes  of  steel  vary  somewhat  as  to  the  degree  of 
hardness  corresponding  to  a  given  color,  but  the  table 
be  taken  as  re;  ur  a  fair  average. 

By  examining  the  gradations  of  color  on  the  accompany- 
ing chart  of  Temper  Colors  and  Approximate  Temperat 
through  a  narrow  slot,  say  I  inch  by  1'  inches  in  a  piece  of 
white  paper  or  cardboard,  placing  the  opening  in  the 
board  opposite  the  name  of  the  color  to  which  the  temper  of 
the  steel  is  to  be  drawn,  an  approximately  correct  idea  o 

•us  temper  colors  given  in  Table  I  may  be  obtained. 
It  should  be  borne  in  mind,  however,  that  the  cole 
of  the  chart  are  not  ense  fixed  or  absolute,  for  in 

prat:  ill  be  found  that  different 

exhibit  different  gradations  of  color  when  tempered.     1 
tice  in  tempering  any  given  grade  of  steel  is  therefore  neces- 
sary in  order  to  determine  whether  the  degree  of 
corresponding  to  a  given  color  on  the  chart   is  such  as  t<> 
enable  different  tools  to  meet  the  requirements  of  the  work 
for  which  they  are  intended.     The  chart  will,  howc\ 
as  a  guide  in   determining   t  istic   qiialitu 

various  grades  of  steel. 

MAKIN«.     A     ( 'Ml  .1)     rillSKI, 

14.     FortflnfT  a  CoM  chisel.— If  it  is  required  t..  r. 
a  cold   chisel   of   the  form   and   dimensions    illustrated    in 

2,  a  piece  6  inches  long  is  cut  from  a  bar  of  1-inch 
gon  steel.     The  piece  is  put  into  the  fire  so  as  to  heat  tin 
end,  for  a  distance  of  about  2  inches,  to  a  medium  cherry-red 


TEMPER  COLONS   AND  AlMMtON  I  M  \  I  I      I  I    M  1-1   |{  \TURKS 

Appro*. 

^^^^m    L)exr<.a  Colors 

725.  Gray 

600.  Light  blue 

560.  Full  blue 

550.  Dark  blue 

530.  Purple 

510.  Brown  with  purple  spots 

490.  Brown 

Dark  straw  color 

470.     Full  yellow,  or  straw  color 
Light  straw  color 

450.     Pale  yellow 
430.     Very  pale  yellow 
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TEMPER  COLORS  AND  CORRE8PO  MM  N(.     IIMl-|i:.Ml    UN 

OK   STKKI, 


Color 

Temperature  in 
Degrees  Fahrenheit 

Kind  of  Tool 

Very  pale  yellow 

430 

Scrapers,  light-turning  tools, 
lan> 

Pale  yellow 

450 

Razors,  surgical  instruments 

460 

Lathe  tools,  milling  , 

Full  yellow,  or  straw 

470 

Penknives,  drills  for  iron 

Brown 

490 

Taps,  reamers,  dies  for  screw 
cutting,    small   cutlery, 
shears,  flat  drills 

Brown  with  purple  spots 

510 

Axes,  planes,  pocket  knives, 
wood  chisels 

Purple 

530 

Twist  drills,  cold  chisels  for 
very    light    work,     table 
knives,  large  shears 

Dark  blue 

550 

Wood  saws 

Full  blue 

560 

Stone-cutting    chisels,    fine 
saws,  daggers 

580 

Carving  knives,  springs 

Light  blue 

600 

Drills  for  wood,  cold  chisels, 
swords 

Gray 

700  to  750 
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color.      The  fire  must  be  clean  and  the  heat  raised  with 
lent  rapidity  to  prevent  soaking  the  steel,  and  yet  heat 
the  piece  thoroughly  without  burning  the  corner-      Soaking 
m  heating  the  steel  so  slowly  that  there  is  a  loss  of 
carbon  from  the  surface  of  the  steel,  and  as  a  rcsu! 
face  becomes  too  soft.    On  the  other  hand,  too  rapid  heating 
results  in  overheating,  or  burning,  the  steel,  also  causing 
unequal  expansion  in  the  piece,  which  may  cause  it  to  crack 
when  being  hardened. 

When  a  medium  cherry-red  heat  is  reached,  the  end  of  the 
piece  is  drawn  to  a  wedge  shape  by  rapid  hammer  blows. 
If  the  end  begins  to  spread  le,  it  can  be  brought 

back  into  shape  by  a  few  hammer  blows  on  the  edges; 
the  edge  mmering  should  be  done  early,  and  none 

toward  the  finishing,  when   the  heat  is  low.     The  end  is 


.  2 


drawn  to  an  edge  a  by  light  hammer  blows,  taking 
to  work  it  below  a  black  h  hifl  would  tend  to  cra^ 

When  the  edge  has  been  drawn  out,  the  rough  or  ragged 
part  is  cut  off  with  the  hot  cut:  inm 

between  it  and  the  anvil  so  as  to  ;tting  against  the 

hardened  face  of  the  anvil  and  spoiling  the  hot  cutter.     The 
head  of  the  chisel  is  then  ro-,  shown  at  b,  Fig.  2. 

The  chisel   is  now  ready  to  be  tempered,  which  operation 
may  be  divided  into  thre<  ,innt-<iting,  h  .  and 

drawing  the  tempt r,  or  (<-> 

In  most  cases  the  piece  should  be  annealed  in  order  to 
make    it    homogeneous;    although    the    annealing 
neglected,   better    results    are   obtain  lone. 

When  steel  is  worked  oture  changes,  and  in  the  case 

of  the  chisel,  the  thinner  part — having  been  v.  nore 

than  the  thick  part,  and  having  been  heated  more  rapidly 
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and  to  a  higher  temperature,  and  also  having  been  cooled 
more  quickly  by  the  cold  anvil  and  hammer — is,  therefore, 
more  likely  to  be  brittle,  and  the  steel  is  no  longer  homo- 
geneous, or  in  other  words,  uniform  in  structure.  It  should 
be  made  so,  however,  before  tempering;  otherwise  the  various 
parts  are  likely  to  be  tempered  unevenly.  The  process  of 
heating  for  hardening  the  tool  does  much  to  restore  the 
uniformity  of  steel,  but  often  this  is  not  sufficient,  and  for 
this  reason  it  is  preferable  to  anneal  every  tool  before  it 
is  hardened.  To  anneal  the  steel,  it  is  put  into  the  fire  and 
heated  to  a  dull  red  heat,  care  being  taken  not  to  overheat 
the  thin  edges.  When  uniformly  heated,  it  is  taken  from 
the  fire  and  placed  in  the  warm  ashes  on  the  side  of  the 
forge,  and  allowed  to  cool  until  the  heat  produces  no  visible 
color  when  the  piece  of  steel  is  held  in  a  dark  place,  as 
under  the  forge;  and  then  it  may  be  cooled  by  being  plunged 
into  water.  This  makes  it  homogeneous  once  more,  and  it 
is  ready  to  be  hardened. 

15.  Hardening  a  Cold  Chisel. — In  order  to  harden 
the  chisel,  it  is  heated  fo  an  even,  medium-red  color,  a  little 
below  the  forging  heat  and  a  little  above  the  annealing  heat. 
It  is  then  plunged  endwise  into  cold  water,  care  being  taken 
to  plunge  it  in  straight,  letting  the  sharp  end  strike  the 
water  first.  It  should  be  thrust  down  vertically,  then  moved 
up  and  down,  in  order  to  bring  its  surface  in  contact  with  as 
much  cold  water  as  possible,  thereby  cooling  it  rapidly.  If 
plunged  sidewise,  one  side  will  cool  sooner  than  the  other, 
and  the  piece  will  warp.  This  would  not  be  a  very  serious 
defect  in  a  cold  chisel,  but  it  would  be  in  finer  tools,  and 
carelessness  in  making  rough  tools  might  lead  to  careless- 
ness in  making  finer  ones.  When  plunged,  the  work  should 
not  be  held  quietly,  because  the  hot  tool  transforms  the 
water  with  which  it  comes  in  contact  into  steam,  which  envel- 
ops the  steel  and  keeps  off  the  cold  water;  by  moving  the 
piece  continually  it  is  chilled  more  effectively.  Moving  the 
steel  from  side  to  side,  however,  has  the  same  effect  as  that 
of  plunging  it  sidewise. 
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16.    T  M  (  hUoi.  —  When  properly  hard- 

ened, the  faces  of  the  chisel  are  rubbed  bright  with  emery 
cloth  or  sandpaper,  or  a  piece  of  grindstone,  so  that  the 
colors  can  be  watched  while  drawing  the  temper.  If  the 
body  of  the  chisel  is  now  heated  by  holding  it  across  a  bar 
of  hot  iron,  the  temper  wiP  be  drawn  gradually,  and  when 
the  brown  color  reaches  the  cutting  edge,  the  point  of  the 
chisel  is  dipped  im<>  water  to  hold  the  temper  where  it  is 
The  chisel  can  then  be  ground  on  a  grindstone  and 
on  a  piece  of  iron.  The  point  should  be  the  hardest  part 
of  the  chisel,  for  if  there  is  a  harder  part  farther  back,  the 
1  will  be  likely  to  break  at  that  place. 


17.  Ihinh'iilnir  ;m<l  'IVmprri  iiu:  a  Cold  <'hi^«  1  in 
II.  MI.  hi  ;;..  tice,  a  cold  chisel  is  generally  hardened 
and  tempered  in  one  heat.  The  cutting  end  is  heated  to  a 
medium  red,  letting  the  i  •<  -ml  pretty  far  ba 

then  taken   from  the   fire  and  the   point   plunged  into  cold 
water,  chilling  it  about  1$  inches  back.     In  plunging  a  piece 
of  steel  in  this  way,  it  must  be  moved  up  and  down  a  1 
so  as  to  avoid  starting  a  water  crack  between  the  hard. 
part  and  the  soft  stock.    As  soon  as  the  point  has  been  suf- 
ficiently chilled,  it  is  polished  rapidly.     The  heat  still  retained 
in  the  stock  will  gradually  run  to  the  point  and  draw  the 
temper,  and  the  colors  can  be  watched  on  the  bright  part 
When  the  desired  color  is  reached  at  the  point,  the  chisel 
is  dipped  into  cold  water  to  hold  the  temper  where  ll 
In   dipping   tools   for  hardening   or   tempering,  great  care 
must  be  taken  to  keep  them  in  the  water  long  enough  to 
chill    the    steel    throughout.      When    the    tool     is    dip 
the   outside  becomes  chilled  and  contracts,  forming  a  1 
brittle  shell  for  the  heated  interior  mass  of  metal.     As  the 
latter  cools  it  also  contracts,  hut  bcin^  held  to  the  already 
hardened    external    shell  it  cannot  contract  to  its  original 
size,   and   hence   there    is   produced    an    internal    stress  on 
the  iteel  that  may  cause  it  to  crack.     To  prevent  cracking, 
the    steel    should    not    be    plunged    when    heated    beyond 
medium-red  heat. 
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MAKING    A    CAPE    CHISEL. 

18.  The  form  and  dimensions  of  the  cape  chisel  to  be 
made  are  shown  in  Fig.  3.  The  heated  end  of  the  bar  of 
steel  is  laid  across  the  rounding  edge  of  the  anvil,  the  end 
of  the  bar  toward  the  hand  being  below  the  face  of  the  anvil, 


FIG.  3 

as  shown  in  Fig.  4.  The  first  forming,  which  is  begun  at 
a  distance  from  the  end  of  the  bar  that  will  give  sufficient 
metal  for  the  chisel,  is  for  the  shoulders  of  the  sides  where 
they  widen  into  the  handle  of  the  chisel.  For  this  the  fuller 
is  used  over  the  rounding  edge  of  the  anvil,  care  being  taken 
to  have  the  shoulders  equal  and  opposite  each  other.  The 
piece  is  turned  frequently,  so  that  the  effect  of  the  work 
may  be  seen  and  the  sides  kept  alike.  After  the  shoulders 
have  been  formed,  the  stock  on  the  sides  may  be  drawn 
down  slightly  with  the  fuller  before  the  sledge  and  hammer 
are  used  to  bring  the  chisel,  roughly,  to  the  form  shown  in 


FIG.  4 


Fig.  3.  The  finishing  is  done  with  a  hand  hammer  or  a 
flatter.  When  properly  formed,  the  chisel  is  cut  from  the 
bar  to  the  required  length,  which  ranges  between  6  and  8 
inches,  and  the  head  is  formed,  after  which  the  chisel  is 
annealed. 

The  point  is  then  generally  hardened  and  the  temper 
drawn  in  a  single  heat,  in  the  same  manner  as  described  in 
connection  with  the  cold  chisel. 
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1'J.  i.Tiiinir  ;i  iLimiiMT. — For  practice  in  working 
tool  steel,  the  making  of  a  cross-peen  hammer,  like  that 
shown  in  Fig.  /i,  is  useful.  Two  hammer  heads  may  be 


1 ':,..    :, 

made  at  one  operation,  by  using  a  piece  of  tool  steel  I  inch 
:iches  long.  Having,  with  a  center  punch, 
marked  their  centers  1 J  inches  from  each  end,  as  shown  in 
Fig.  6,  punch  the  holes  for  the  handles  with  an  eye  punch 
having  a  point  considerably  smaller  than  the  required  hole; 
drive  the  punch  half  way  through,  then  drive  from  the  other 
side.  The  hole  is  then  finished  by  driving  into  it  wh 
kno\\  -Irifi  pin.  that  is,  a  pin  of  the  required  si/.c  and 

shape.  To  make  the  sides  of  the  hole  parallel  and  the  open- 
ing of  the  proper  shape,  it  is  necessary  to  work  the  pin,  or 
drift,  into  the  hole  made  by  the  punch  refully,  keep- 


FIIJ.  6 

ing  the  steel  closed  around  the  drift  during  the  operation 
of  shaping  the  hole  so  as  to  permit  of  wedging  the  hammer 
handle  therei:  t  be  hot  enough  t<>  work  freely. 

The  face  end  a,  Fig  \vn  out  to  the  form  shown;  the 

change  in  see*  to  the  octagonal,  and  the 

slight  tai  the  eye  to  the  face,  will  io  n^Mi 

l>y  4  inch,  or  more.     Holding  in  the  tongs  the  end  that  has 
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been  drawn  out,  the  other  end  is  treated  in  the  same  manner. 
Next,  the  stock  is  cut  apart  at  c,  Fig.  6,  and  the  peen  ends 
are  drawn  to  the  form  and  dimensions  shown  in  Fig.  5. 
Ball-peen  hammers  and  those  having  other  shapes  may  be 
made  in  nearly  the  same  manner.  The  drawing  may  be 
done  with  a  hand  hammer,  or  with  the  fuller  and  flatter. 

20.  Hardening    and    Tempering    a    Hammer. — A 

machinist's  or  blacksmith's  hammer  is  usually  hardened  by 
grasping  the  peen  end  in  a  pair  of  tongs  and  heating  the 
face  end  by  thrusting  it  only  a  little  way  into  the  fire,  turning 
it  frequently.  There  is  danger  that  the  outside  corners  will 
be  overheated  before  the  center  of  the  hammer  face  is  hot 
enough  to  harden  properly.  The  easiest  way  to  avoid  this 
is  to  heat  slowly,  though  care  must  he  taken  not  to  let  the 
heat  run  too  far  back  toward  the  eye.  Some  smiths  cool 
the  corners  of  the  hammer  slightly  by  dipping  them  into 
water,  holding  the  hammer  nearly  flat  and  revolving  the 
corners  in  the  water,  thus  cooling  them  slightly.  The  ham- 
mer is  then  replaced  in  the  fire  until  it  is  brought  to  the 
hardening  temperature,  usually  a  dull  red,  when  it  is  hard- 
ened by  dipping  the  face  about  i  inch  into  the  water,  and 
moving  it  about  quickly  with  a  circular  motion.  This  will 
harden  the  face;  its  hardness  should  be  tested  with  a  file, 
both  in  the  center  and  at  the  corner,  and  if  sufficiently  hard 
the  face  may  be  brightened  with  emery  paper  or  a  piece  of 
grindstone,  and  the  temper  drawn  to  a  purple  or  blue  by  the 
heat  remaining  in  the  body  of  the  hammer.  The  hammer 
ixiay  then  be  cooled  in  water  sufficiently  to  arrest  the  temper- 
drawing  process.  The  same  operation  is  repeated  in  hard- 
ening and  tempering  the  peen  end  of  the  hammer,  care  being 
taken  to  keep  the  face  end  cool  by  sprinkling  with  water 
if  necessary.  

MAKING     A    DIAMOND-POINTED    LATHE    T<><>!. 

21.  Forging  a  Diamond-Pointed  loathe  Tool.— The 

stock  for  a  small  diamond-pointed  lathe  tool  should  be  of 
tool  steel  i  inch  by  1  inch  in  section  and  i  inch  less  than  the 
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length  of  the  finished  tool.  The  form  of  a  right-hand  tool 
is  shown  in  Fig.  7.  One  end  is  squared  and  given  a  iVindi 
bevel  on  the  edges,  as  shov  .md  the  other  end 

the  form  shown  in  Fi^.  8  (</).     Next,  it  is  drawn  to  the  form 


shown  in  Fig.  8  (£),  and  then  the  ed£c  ed  in  contact 

with   the   face  of  the   anvil,   holding   the   body  of  tin- 
obliquely  across  the  side,  as  shown  in  Fii;.  J>  ( 
blows  struck  on  the  uppermost  corner.     Its  position  is 
shifted  until  the  other  inside  corner  is  in  with  the 

anvil  face,  as  shown  in  Fig.  9  (£),  and  a  few  blows  again 
struck  on  the  uppermost  corner.     It  is  now  returned  to  the 


first  position  and  a  few  blows  struck,  when   11  nged 

again.     This  operation  is  continued  until  the  end 
in  section  and  of  the  form  shown   in   Fig.  7.      Next,   the 
point  /,  Fifif.  8  (£),  is  cut  off  at  an  angle,  as  shown  in  Fig.  7, 
with  a   sharp  cutter,  the  direction  of  the  cut   being    frdm 
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the  angle  d  to  the  opposite  corner.  The  point  is  then  bent 
to  one  side,  as  shown.  All  the  work  must  be  done  at  a  low 
heat  or  the  steel  will  be  injured.  Care  must  be  taken,  how- 
ever, in  working  at  a  low  temperature  to  prevent  a  crack 
forming  at  a,  Fig.  7. 
The  tool  is  then 
hardened  and  the 
temper  is  drawn  to  a 
light  straw  color  for 
about  i  inch  back 
from  the  cutting 
edge.  The  hardening 
and  tempering  are 
done  in  the  same 
manner  as  described 
for  the  cold  chisel. 

22.  Forging  a 
Riglit-Hand  Side 
Tool. — To  make  a 
right-hand  side  tool, 
take  a  piece  of  tool 
steel  1  inch  by  \  inch 
in  section  and  the 
length  required  for 
the  tool,  which  is  to 
be  of  the  form  shown 
in  Fig.  10.  Bevel 
one  end  of  the  stock 
1.4  inches  from  the 
corner,  as  shown  in 
Fig.  11  (a) ;  then  place 
it  on  the  anvil  so  that  the  corner  a  is  over  the  rounded 
edge,  the  piece  being  held  as  shown  in  Fig.  11  (£),  and 
drive  it  down  with  blows  delivered  in  the  direction  of 
the  arrows  in  Fig.  11  (c).  This  will  bring  it  to  the  shape 
shown  in  Fig.  11  (</),  the  edge  cd  being  made  thinner  than 
the  back  ef.  When  it  is  forged  to  the  right  thickness  and 


FIG.  10 
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the  back  properly  shaped,  the  edge  and  point  are  cut  off  with 
a  hot  cutter  to  the  shape  indicated  by  the  dotted  lim 
Fig.  11  (d).  ire  made  iick- 

ness  and  dimensions,  the  edge  is  set  over  i  the 

manner  shown  in  Fig.  11   (e),  the  piece  being  placed  over 


Fir;    11 

the  rounded  edge  of  the  anvil  and  the  set  hammer  used  as 
indicated. 

The  temper  should  be  drawn  to  a  dark  straw  color.     Care 
must  be  taken  not  to  over  -e,  and  it  is  well 

to  dip  this  tool  as  shown   in   I  i^.    11    (/);    tlr 
heel  a  red  hot,  and  provides  a  source  of  heat  for  drawing  the 
temper. 
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FIG.  12 


(a) 


U 


FIG.  13 
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23.     Special  Swages. — When  a  large  number  of  tools 
are  to  be  dressed,  it  hie  to  use  sp<  >£es,  one 

form  of  which  is  shown  in  Fig.  12.  This  one  is  used  for 
either  right-  or  left-hand  side  tools;  it  tits  the  bardie  hole, 
and  tools  are  formed  in  the  swage  by  means  of  a  flatter. 


MAKING    A    BORING    TOOL 

24.  r«.ririnir  ;i  r.< Tin-  Tool. — The  boring  tool  shown 
in  Fig.  13  (a)  is  made  of  the  same  stock  as  the  side  tool.  A 
proper  amount  of  the  end  is  diawn  down  with  the  sledge  and 
hammer  to  the  form  shown  in  Fig.  13  (£).  Then  I  inch  of 
the  end  is  placed  on  the  anvil,  the  shoulder  shown  at  at 
Fig.  13  (c),  is  formed,  and  the  end  bent  to  the  shape  shown 
by  the  dotted  lines  in  Fig.  13  (c).  The  point  is  cut  to  the 
required  shape  with  a  sharp  hot  cutter,  and  the  tool  finished 
as  shown  in  Fig.  13  (</). 

This  tool  is  tempered  to  a  dark  straw  color,  the 

tool      In  most  rases,  only  the  cutting  edgi 
the  temper  being  drawn  by  allowing  heat  from  the  body  of 
ool  to  run  to  the  point.     In  the  case  of  very  long  sli 

tools,  the  entire  length  of  the 
drawn-out  portion  of  the  tool  is 
some-tin.'  ned  to  give  stitT- 

to  the  tool.     The  neek  is  then 
drawn  to  a  spring  temper  by  i 
ing  over  a  bar  of  hot  iron. 


8PI  <    I  \l.     -Mini.     IHU>MN<. 

25.     Stone     Chisels.- 

carving    and    lettering 
speeial      rhi  ••(!      with 

Plu  wooden    mallets 

ball-shaped  head,    as   shown    in    Fi- .    I  1.  body  is 

swaged  dowr  •    the  head;   this   lightens   the 

chisel  and  K  "  •"   the  hand,     'I 

chisels  are  made  of  !-,  i-,  I-,  and  i-inch  octagonal  steel.     In 
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making  these  chisels,  the  pieces  of  steel  are  cut  off  at  a  proper 
length  for  two  chisels,  and  the  ends  of  six  or  eight  pieces 
are  placed  different  distances  into  the  fire.  The  one  farthest 
in  the  fire  will  arrive  at  the  proper  heat  first,  and  be  removed, 
and  placed  in  the  heading  machine,  Fig.  15,  which  is  similar 
to  a  bolt  heading  machine;  a  regular  bolt  heading  machine 
may  be  used  if  desired.  The  lower  end  of  the  steel  rests  on 
a  support  <2,  the  upper  end  is  gripped  between  the  dies  b  by 


PIG.  15 

the  pressure  of  the  foot  on  the  treadle  c,  and  the  steel  is 
quickly  upset  by  a  few  blows  of  a  light  sledge  and  the 
blacksmith's  hammer.  The  hot  steel  is  then  removed  to  a 
hardened-steel  die,  or  swage,  d  on  the  anvil  shown  in 
Fig.  16.  This  die  rests  loosely  on  the  face  of  the  anvil, 
and  is  held  in  place  by  the  saddle  e  placed  across  the  anvil. 
The  clamp  /,  fastened  with  two  setscrews,  helps  to  retain 
the  die  on  the  anvil.  A  top  swage  g,  with  a  handle  about 

53  B— 23 
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1  foot  long,  is  also  used.     The  ball  head  of  the  chisel  is 
formed  between  the  top  and   bottom  swages,  which   also 

form  the  taper  neck 
under  the  head,  the 
steel  being  rotated  dur- 
ing the  operation. 
Sometimes  there  will 
form  at  the  center  of 
the  head  a  small  teat, 
which  can  be  kn< 
oiT  with  a  hot  cutter  by 
.;le  blow  of  a  light 
sledge.  Hy  the  aid  of 

• 

seconds  are  required  to 
form  each  head,  a  new 
piece  of  steel  being  put 
into  the  fire  at  the  same 
-w  time  the  hot  one  is 

removed.     With  nicely  polished    swages,   the   chisel   h 
are   formed  with   a  smooth   finish,   which    is    easy    on    the 
wooden  mallet.     The  center  of  the  head  is  usually  touched 
on  an  emery  wheel  to  smooth  it;  after  both  ends  are  headed, 
the    pieces   of    steel 
are  cut  in  the  middle 
and  drawn   out   into  * 

long,  slender  wedge- 
shaped  chisels. 

26.     8  pe  c  I  :.  i 

llnr.M,-      f..r      >l.m«- 

Drills, 

bardie,    shown   at  a, 

Fig.  17,  is  often  used 

in     dressing    special 

tools.       The    hardie 

fits  in  a  square  hole   in   a   saddle  placed   on    the    anvil    to 

which  it  is  held  by  a  setscrew  on  either  side. 


Fn.    17 
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27.  Dressing  Stone  Drills.— A  stone  drill,  known  as 
the  plug  and  feat  hoi-  drill,   is  shown  in  Fi«. 

As  it  is  used  with  the  hammer,  the  ball,  or  mallet 
head,  is  not  required,  and  the  end  of  the  drill  is  a 
blunt  taper.  A  special  fixture  //,  Fig.  17,  is  used  on 
the  anvil  while  dressing  the  drill.  This  consis: 
a  block  of  steel,  about  3  inches  square  and  U  inches 
thick,  that  has  a  shank  fitting  the  hardie  hole;  this 
shank  is  slotted  for  a  key  i  that  holds  the  fixture 
firmly  to  the  anvil.  The  top  of  the  block  slants  as 
shown,  and  the  high  side  is  chamfered,  as,  other- 
wise, the  edge  would  be  likely  to  chip  off.  By 
using  this  fixture  and  the  special  hammer  shown 
in  Fig.  19,  the  drill  may  be  held  level  while  being 
forged.  The  drill  should  be  turned  over  occasion-  FIG.  is 
ally  while  being  dressed. 

28.  Dressing    Marble    Turning   Tool. — For    making 
columns  or  other  round  work,   marble  may  be  readily  and 


FIG.  20 

rapidly  turned  in  a  lathe.     For  such  work  a  different  form  of 

tool  from  that  used  in  lathes 
for  turning  metals  is  required, 
and  frequent  dressing  is  neces- 
sary. Fig.  20  shows  a  steel 
die  having  a  shank  that  fits  the 
FlG'21  hardie  hole  of  an  anvil,  the 

die  being  used  for  giving  the  proper  shape  to  the  nose  of 
the  marble  turning  tool  shown  in  Fig.  21.     Such  tools  are 


T(  N 

made  with  cutting  edges  either  round,  oval,  square,  or 
diamond  shaped,  or  any  special  shape  desired.  The  tools 
are  tempered  to  a  straw  color. 

MAKIN<-      v    FLAT    SPRING 

29.     Fui-iriiitr  :i    >prinir.     T<>  make  a  flat  spring,  like 
the  one  shown  in  Fig.  cce  of  steel  is  drawn  out   flat 

and  slightly  tapered,  care  being  taken  to  make  the  t 
very  regular,  and  finishing  it  with  a  flatter  until  it  is 
fectly  straight.  The  steel  is  then  annealed  and  file 


FIG.  22 

ground  on  a  stone  to  remove  all  irregularities  and  uneven 
spots.  It  may  then  be  bent  cold  in  the  hand,  or  over  the 
horn  of  the  anvil  without  hammering;  or  it  may  be  heated 
and  then  bent  into  the  shape  shown  in  Fig.  22.  When 
evenly  bent  it  is  ready  for  hardening. 

30.       II;i  nli  iiiny    mid    'IVm  prri  HUT    :i    >prlntr. — If    the 
fire  is  large  enough,  the  entire  spring  may  be  evenly  he 
in  an  open  fire.     Another  way  to  secure  uniform  li 
to  heat  it  in  a  pan  of  sand.      The  heating  should  be  slow 
and  even,  the  piece  being  raised  to  a  cherry-red  heat  and 
cooled  in  oil  or  water.      The  spring   may  be  held  in  the 
tongs  and  dipped  vertically.    After  treatment  in  this  manner, 
the  surface  should  have  a  mottled  appearance;   it  it  ha 

;ice,  it   is   probably  not  hard  enough,  and  the 
ning  process  should  be  repea 

When    hardened,    the    steel    is   rubbed    bright    with    emery 
cloth  and  then  tempered  to  a  dark  blue  color.     The  te; 
ing  can  be  done  over  the  open  fire,  or  in  a  sand  bath 

seated  to  the  proper  temperature,  or  over  a  piece  of 
hot  Iron,     When  drawn  to  a  dark  blue  color,  t  ig  is 

plunged  into  cold  water. 

The  temper  may  be  drawn  by  holding  it  over  the  fire  and 
beating  it  slowly  and  evenly  by  moving  it  back  and  forth. 
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using  a  light  draft.  To  know  when  it  has  reached  the  right 
temperature,  a  pine  stick,  sharpened  to  a  point,  is  rubbed 
over  the  surface;  when  sparks  follow  the  stick  the  right  tem- 
perature has  been  reached  and  the  spring  is  then  plunged 
into  oil  or  water.  Care  should  be  taken  to  heat  and  cool  the 
spring  evenly,  in  order  to  prevent  it  from  warping. 

The  temper  of  springs  may  also  be  drawn  by  a  process 
variously  known  as  burning  off,  flashing  off,  and  blazing 
off, '  described  in  Hardening  and 
Tempering. 

31.  Testing    a     Spring.— The 

spring  may  be  tested  as  follows: 
Its  shape  is  first  marked  off  on  the 
bench  or  on  a  sheet  of  paper,  then  it 
is  clamped  in  the  vise  at  the  thicker 
end  and  the  projecting  thin  end  bent 
forwards  and  allowed  to  spring  back 
several  times.  The  spring  is  then 
compared  with  the  drawing  to  see 
whether  it  has  changed  its  form.  If 
so,  it  is  too  soft;  if  it  breaks,  it  is 
too  hard.  Or  it  may  be  clamped  in 
a  vise  with  a  piece  of  iron,  as  shown 
in  Fig.  23,  and  the  distance  a  meas- 
ured; it  is  then  forced  down  until  the 
point  touches  the  iron.  After  it  is 
released,  if  the  distance  a  measures 
the  same  as  at  first,  it  is  properly 
tempered.  It  must  not  be  struck 

or  dropped  after  it  is  tempered,  as  it  might  thereby 
be  broken.  

WELDING    TOOL    STEEL 

32.  In  order  that  two  pieces  of  steel  may  be  welded 
together,  it  is  usually  necessary  that  the  parts  to  be  joined 
shall  be  heated  until  they  are  plastic,  and  then  brought  into 
close  contact.    If  the  surfaces  are  exposed  to  the  air  when  the 
parts  are  heated  to  a  plastic  condition,  they  become  covered 
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with  a  scale  of  oxide  of  iron.     Hence,  to  secure  a  perfect 
contact  of  the  pa:  >xide  must  be  made  so  fluid  that  it 

will   readily  squeeze  out  from  between  the  surfaces  to  be 
welded.     To  •  ither  the  steel  must  be  heated  to  the 

temperature  at  which  the  scale  will  melt,  which  will  be  a  very 
high  temperature,  or  some  means  must  be  used  to  fuse  the 
scale  at  a  temperature  below  that  which  would  injure  the 
steel  by  luimliiK.  This  is  done  by  applying  to  the  heated 
a  tlux  that  melts  and  adheres  to  the  heated  surfaces, 
preventing  excessive  oxidation  and,  at  the  same  time,  uniting 
with  the  scale  to  form  a  mixture  that  is  fusible  at  a  much 
lower  temperature  than  would  be  necessary  to  melt  the 
alone.  Borax  is  commonly  used  for  this  purpose. 

:ore  attempting  to  weld  any  grade  of  steel  the  smith 
should  know  its  quality,  and  how  its  structure  and  welding 
properties  will  probably  be  affected,  if  they  are  affected  at 
all,  by  varying  both  the  temperature  to  which  it  is  he 
and  the  method  by  which  it  is  worked. 

33.     It  should  be  borne  in  mind  that  the  structure  of  the 
steel,  which  means  the  size  of  the  crystalline  grains  of  which 
the  steel    is  composed,   is  affected  by  the   temperature  to 
h   it    is  heated,  the  amount  ar. 
t  working  of  the  metal  in  making  the  weld,  tl 
the  metal  when  the  forging  work  on   it   is  discontinued 
apidity  of  the  final  cooling.     Some  steels  will  with- 
a  greater  heat  than  others  without   injury,  but,  in  gcr- 

.ost  important   points  to  be  observed  are  the  method  of 
working,  and  cooling,  the  steel.     1:  to  be  estahli 

the  amount  of  carbon  that  a  steel  contains, 
the  lower  is  the  temperature  to  which  it  may  safely  be  he 

OM  that  the  steel  is  i  .  a  full  red,  0 

welding,  and  !  is  done  qui 

•;^g  the  metal  still  at  a  high  temperate 
allowed  to  cool  slowly,  it  will   be  . 
brittle  than  when  the  for-int:   is  continued  unt; 

•f  a  low  red  and  the  r 
is  allowed  to  cool  slowly  from   that   point.     On   the  other 
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hand,  if,  after  having  finished  working,  the  steel  is  cooled 
suddenly  to  a  low  red  heat  by  being  plunged  in  and 

then  allowed  to  cool  slowly  in  a  dry  place,  the  quality  01 
grain  and  the  strength  of  the  piece  will  be  superior  to  that 
which  would  result  from  allowing  it  to  cool  slowly  from  the 
higher  temperature. 

If  the  piece  is  cooled  suddenly  from  the  temperature  at 
which  the  work  was  finished  to  the  temperature  of  the  air, 
by  quenching  in  water,  the  size  of  the  grain  and  the 
strength  of  the  steel  will  in  all  probability  be  superior 
to  that  obtained  by  allowing  the  steel  to  cool  slowly  in 
the  air. 

Cooling  rapidly  from  a  high  heat  after  forging  is  likely 
to  crack  or  break  the  steel. 

With  carbon  steels,  the  tempering  heat  is 
lower  than  the  annealing  heat;  the  annealing 
heat  is  lower  than  the  hardening  heat;  and  the 
hardening  heat  is  lower  than  the  forging  heat. 
The  only  exception  is  in  the  case  of  the  high- 
speed alloy  steel. 

In  making  a  number  of  articles  of  steel, 
should  a  defect  appear  always  in  the  same 
place,  it  is  likely  that  something  is  wrong  with 
the  method  rather  than  with  the  steel. 


STEELING 

34.  Steeling  a  Pick  Point.— The  oper- 
ation of  welding  a  steel  edge  or  point  on  a 
tool  whose  stock  is  made  of  wrought  iron  is 
termed  steeling.  The  cleft  weld  is  generally 
used  for  this'  purpose,  on  account  of  its 
strength.  If  the  point  b  of  a  pick  mattock, 
shown  in  Fig.  24,  is  to  be  steeled,  the  iron  is 
split  open,  as  shown  at  /,  Fig.  25,  and  prepared  for  a 
cleft  weld.  The  bar  of  steel  d  is  then  scarfed  on  both  sides, 
as  shown,  both  pieces  heated,  and  then  welded  together. 
After  this,  the  point  is  drawn  out  to  the  required  shape, 
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as  shown.      Picks,  axes,  adzes,  and  similar  tools,  are  gen- 
erally steeled  in  this  way. 

35.       St«'<'l     I   ;«'in- 

a  sheet  of   s  led  to 

an  iron  back,  the  operation  is 
called   stfH  A  thick 

piece    of     st<  Tcqnently 

welded   on    a 

steel     then     drawn     out     thin. 
Plane    irons    for    wood-planing 
machinery   are  generally 
in    this    way,    with    steel     faces 
and  iron  backs.     The  iron 
steel  s  are  welded  together  so 
as  to  make  a  square  piece,  as 
shown  in  Fig.  26,  which  is  then 
drawn  down  to  the  required  thickness. 


i  i...  H 


MAKINC.      ri.AT     liKM 

3f>.      I  I   I  lai    Drill.      The  point  of  a  lonjj-shank 

flat  drill,  iiown   in   Fi<;.  'J7,  is  made  of  steel,  but 

the   shank  lally 

iron.      To  both 

parts  together,  the  steel 
,     shown 
at   <i,    V\x-   '^s 

iron  as  shown  at  b.     The  iron  is  heated  to  a  red  heat,  the 
cold  steel  drr  t,  and  the  iron  closed  about  the 

steel.      A   welding  heat   is  then  taken   on  the  joint,   using 


borax  as  a  flux:  the  iron,  being  ont^ 

from    burning.      V 

pieces  are  ta  m  the  fire  and   v 

shank  is   then  cut  to   the   proper   length,  the   end   fo 
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square  to  fit  into  the  brace  or  ratchet,  and  the  point  forged 
to  the  proper  form. 

When  forged,  the  drill  is  annealed,  hardened,  and  the 
temper  drawn  to  a  full  yellow;  and  when  ground,  it  is  ready 
for  use.  The  temper  of  the  drill  may  be  drawn  by  the  heat 
in  the  shank.  If  the  shank  is  not  hot  enough,  a  large  nut 
or  heavy  piece  of  iron  having  a  hole  through  it  may  be  heated 
and  slipped  over  the  shank  close  to  the  point,  the  drill  being 
held  so  that  it  does  not  touch  the  hot  iron.  The  heat  that 
radiates  from  the  iron  will  soon  draw  the  temper.  A  pair 
of  hot  tongs  is  often  used  for  drawing  the  temper,  the  work 
being  held  near  the  point  and  the  temper  being  allowed  to 
run  out  as  desired.  

HIGH-SPEED  TOOL  STEELS 
37.     Nature  of  High-Speed  Tool  Steels.— High-speed 

tool  steels  are  alloys  of  iron  and  various  elements  that  are 
added  to  impart  to  them  the  property  of  hardening.  When 
they  are  heated  white  hot  and  allowed  to  cool  in  the  air,  they 
become  very  hard;  hence,  they  are  also  called  air-hardening 
and  self-hardening  steels.  The  most  important  elements 
used  are  tungsten,  chromium,  molybdenum,  and  manganese; 
arsenic,  titanium,  etc.  are  also-  used,  but  those  first  men- 
tioned are  the  most  important,  and  may  be  used  singly  or 
two  or  more  of  them  together.  Carbon  is  rarely  present  in 
very  large  quantity  in  the  alloy  steels,  and  when  it  is  present 
it  is  unimportant.  The  introduction  of  these  steels  has  been 
so  recent  and  their  evolution  so  rapid  that  it  will  be 
impossible  to  give  more  than  a  few  general  directions 
regarding  their  manipulation.  It  is  best  to  follow  the 
instructions  given  by  the  maker  of  the  particular  brand  of 
steel  to  be  used. 

Alloy  steels  may  be  annealed  by  packing  them  in  a  piece 
of  pipe  or  an  iron  box  containing  powdered  charcoal,  in 
which  the  pieces  of  steel  are  embedded.  The  boxes  are 
well  sealed  with  fireclay  to  exclude  the  air,  heated  to  a 
bright  cherry  red  for  several  hours,  then  allowed  to  cool 
slowly.  The  steel  will  then  machine  as  easily  as  carbon 
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tool  steel.  No  alloy  steel  is  as  strong  as  carbon  steel,  and 
hence  to  stand  equal  stresses,  the  cutting  edge  of  tools 
made  of  high-speed  tool  steel  must  be  very  much  more 
carefully  supported  than  in  cutting  tools  of  carbon  steel. 
This  is  of  special  importance,  since  tools  of  high-speed  tool 
steel  are  used  largely  for  heavier  cuts  and  at  higher  speeds 
than  would  be  possible  with  carbon  steels.  This  necessi: 
a  redesigning  of  many  of  the  cutting  tools  formerly  used,  so 
as  to  adapt  them  to  meet  the  requirements  of  the  new 
material. 

The  most  valuable  property  of  alloy  steels  is  that  they 
retain  their  hardness  at  a  high  temperature;  in  fact,  some  of 
them  can  be  used  as  cutting  tools  when  at  a  dull  red  heat. 
It  is  this  property  that  has  enabled  them  to  be  used  at  high 
speeds,  and  has  given  them  the  name  of  high-speed  tool 
steels. 

38.  Fortrinur    High-Speed    Tool    strrK. — Alloy,    or 
high-speed  tool,  steel  should  be,  heated  slowly  to  a  lemon 
color,  and  in  a  thick  bed  of  burning  coke  or  coal,  to  prevent 
the  air  blast  from  striking  it.     Alloy  steel  cools  more  quickly 
than  carbon  steel,  and  when  slightly  cooled  becomes  hard. 

quite  plastic  at  the  proper  heat,  therefore  it  is  better  to 
heat  frequently,  working  quickly  a  little  at  a  time,  as  this 
avoids  s<  1  ruptures.  After  forging,  the  tool  should 

be  allowed  to  become  cold,  and  then  reheated  for  hardening 
or  tempering. 

39.  Tempering  High-Speed  Tool   st« •< -is. — The  tem- 
pering of  high-speed  tool  steel  consists  in  making  it  of  a 

hie  hard  r  lathe,  planer,  and  similar  tools,   it 

must  be  heated  to  a  fusing,  or  white,  heat  and  cooled  in  air  or 

At  a  white  heat,  the  steel  is  very  soft  and  would  crumble 

ruck.  It  is  very  necessary  to  have  a  non-oxidizing  fire, 
which  may  be  obtained  in  a  covered  fire  with  a  large  amount 
of  crushed  coke  over  the  tuyere,  using  a  li-ht  blast.  Tru- 
stee! must  not  be  heated  too  quickly.  When  the  white  heat 
is  attained,  a  slight  fluxing  will  be  observed,  and  as  the  heat 
increases  numerous  small  bubbles  will  be  seen;  hen  tin 
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bubbles  become  larger  and  fewer  in  number.  If  carried  to 
an  extreme  heat,  the  steel  will  soften,  a  condition  sometimes 
called  sweating.  On  reaching?  the  sweating  point,  the  tools 
are  cooled,  usually  in  a 
jet  of  compressed  air; 
one  method  is  shown  in 
Fig,  29.  The  tools  are 
placed  on  an  iron  plate  a 
with  a  firebrick  on  either 
side  and  a  jet  of  com- 
pressed air  from  a 
I -inch  pipe  c  is  directed 
against  the  point  of  the 
tool.  In  order  to  insure 
dry  air,  it  is  led  through 
an  iron  cylinder  b  about 
6  inches  in  diameter 
and  3  feet  long,  shown 
in  the  illustration,  the 
moisture  being  deposit- 
ed in  the  cylinder.  The 
pipe  d  is  1  inch  in 
diameter.  It  is  some- 
times claimed  that  with  this  method  the  tool  is  cooled  too 
far  back  from  the  point,  and  that  it  is  therefore  better  to 
blow  the  air  upwards  against  the  point  a  of  the  tool,  as 

. shown  in  Fig.  30. 

The  cooling  of  these  tools  in  a  shop 
not  provided  with  compressed  air  has 
been  accomplished  successfully  over 
the  tuyere  of  f.i  empty  forge.  The 
tool  is  placed  on  a  firebrick,  with  the 
point  down  and  extending  beyond 
the  end  of  the  brick.  The  brick  and 
the  tool  are  placed  on  the  forge  so 
that  the  point  of  the  tool  is  over  the  tuyere  and  the  blast 
is  turned  on.  The  cutting  edge  of  the  tools  is  sometimes 
cooled  in  oil  and  the  temper  drawn  to  the  desired  hardness; 


FIG.  30 


by  using  hot  oil  the  cooling  is  less  sudden.     This  met 
however,  is  better  adapted  to  drills,  reamers,  punches,  and 
dies,  than  to  lathe  and  planer  tools. 

40.     (.i-iiMiin-    EHgh*8pee<!l    Steels*     When    ^m 
any  of  the  alloy  tool  steel s  wheels  are  more  likt 

glaze  than  with  carbon  steels.     This  is  supposed  to  be  due 
to  the   fact  that  the  tungsten  co.  ns  of  en 

resulting  in  a  glazed  surface  of  the  wheel,  which  heats  or 

burns  the  steel  in  spots  and 
causes  it  to  crack  or  break. 
The  workman  should  ol> 

.<!   should 

the    wheel     at     the 
indication     of     glazing.       For 
grinding  alloy  steel,   it  is  best 
to  use  a  coarse,  soft  w; 

I  1  .       ll»  ;it  inir   Furnace   i..r 

iiiti-ii->poedTooi  Steel.  -The 

ordinary     blacksmith'- 

hardly  capable  of  producing  the 

desired  temperature  fol 

hi-h  .1  steels,  and  it  is 

rare  that  more  than  one  01 

-fully 

in  such  a  fire  without  rebuilding 
it.        When     tools     are     forged 
below  the  proper  temperature, 
they  are  likely  to 

has  been  need  with  high-speed  tool  steels,  and 

have    been    abandoned    in    some    shops    because    uni 

ere  not  •  ich  difficulties  may  be 

traced  to  irregular  and  improper  tr< 

A  coke-burn  in  ir  furnace  for  heating  such  steel  is  shown  in 
Fig.  '.'•].  The  coke  is  placed  in  a  magazine  a  and  fed  by 
gravity  into  the  fire-space.  The  ash? 

which   i  through  wh;  !raft 

is  introduced.     A  rocking  grate  controlled  by  th 
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located  above  the  ash-pit.  The  point  of  most  intense  heat 
is  in  the  bottom  of  the  coke,  just  back  of  the  front  edge  of 
the  fire  and  over  the  center  of  the  ash-pit.  Two  openings 
are  provided  in  the  furnace;  the  one  at  d  leads  directly  into 
the  fire,  and  the  tools  are  put  in  through  this  opening,  where 
they  are  heated  to  a  bright-red  heat.  The  opening  e  is  then 
cleared  out  by  means  of  an  iron  bar,  and  a  pocket,  or  hollow, 
fire  formed  in  the  hottest  parts  of  the  coke  fire.  One  tool  at 
a  time  is  then  taken  from  the  opening  d  and  put  into  the 
hottest  part  of  the  fire  through  the  opening  e,  and  allowed 
to  remain  until  the  scale  on  the  surface  is  seen  to  be  molten. 
The  tool  is  then  quickly  withdrawn  and  placed  in  a  blast 
of  air.  . 

RECOGNIZING    STEEL 

42.  The  smith  is  often  called  on  to  pick  out  a  piece  of 
a  certain  kind  of  steel  from  a  pile  containing  iron,  low- 
carbon  steel,  high-carbon  steel,  and  special  steels.  Formerly, 
the  only  test  was  to  pick  up  a  piece  and  strike  it  with  a 
hammer;  if  it  sounded  dead  it  was  wrought  iron,  if  it  rang 
it  was  steel.  This  did  very  well  when  only  one  grade  of 
steel  was  used  in  a  given  establishment,  but  now,  when  many 
grades  are  used,  it  is  much  more  difficult.  Some  of  the  low- 
carbon  steels  will  sound  dead  under  the  hammer,  but  they 
can  usually  be  separated  from  a  lot  of  wrought-iron  bars,  as  the 
surface  of  the  latter  is  generally  very  much  rougher  than  that 
of  steel  bars.  Then,  too,  breaking  a  small  piece  from  the 
end  of  a  bar  will  show  the  difference  between  steel  and  iron, 
steel  having  a  crystalline  appearance,  while  the  fracture  of  the 
iron  presents  a  fibrous  appearance.  The  emery-wheel  test, 
however,  is  said  to  be  the  best  for  distinguishing  different 
grades  of  steel.  Hardened  carbon  steels  give  off  bright  daz- 
zling sparks  when  ground  on  an  emery  wheel;  the  harder  the 
steel,  the  brighter  the  sparks.  Alloy  steels  and  wrought 
iron  give  off  dull  red  sparks. 
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ItKKAKIM.     STEEL 

43.     Steel  is  generally  broken  by  nicking  it,  placing  the 
nicked  edge  over  the  edge  of  the  anvil  and  stri  pro- 

jecting end.     Sometimes  the  end  of  a  light   bar   is   pa 
through  the  hardie  hole  or  the  pritchel  hole  until  th- 
in line  with  the  top  of  the  anvil;  the  bar  is  then  broken  by  jerk- 
ing it  quickly  to  one  side.     Another  method  for  breaking  off 
pieces  of  tool  steel,  such  as  those  used  for  cold  chisels,  lathe 
tools,  etc.,  is  to  nick  the  bar  cold  at  the  required  disi 
from  the  end  and  pass  the  bar  through  a  hole  wage 

block  until  the  nick  come  te  the  edge  of  the  1 

the  projecting  end  should  then  be  struck  a  sharp  blow 
with  the  hammer.  This  will  break  off  the  piece  without 
stinging  the  hand  sup:  'he  end  of  the  bar,  and  prevent 

the  piece  from  flying  across  the  shop. 


MACHINE-SHOP  CUTTING  TOOLS 


LATlii      \M.    PJLAHBB    TOOL 

44.     If  the  best  results  are  to  be  obtained  from  the  tools 
used  in  t  hint  shop,  only  the  best  Mould  be 

employed    for    each    particular   op  hence,    : 

superintendent  should  determine  the  b« 
to  be  done,  a 

models  of  these  tools  should  be  forged.     One  of  tin- 
models  should  be  ground  to  the  proper  form,  mounted 
boar<  tool  room  for  reference;  t 

two  I  urs  should  be  mounted  on  ' 

being  kept  in  d  the  other  mounted  near    the 

tool--  ,  fire.      No  tool   that 

should  be  made  or  used  except  «  n  special  \ 

d  as 
Stanc  •'••••••-.:  • 

in    1  :ne  of   the  tools,  together  with 

the  sizes  of  the  steel  from  which  t!  ;ade. 


HARDENING  AND  TEMPERING 

CARBON  STEELS 


EFFECT  OF  CARBON  ON  STEEL 

1.  What  is  commonly  known  as  carbon  steel  is  com- 
posed of  iron  containing  varying  amounts  of  carbon  up  to 
about  1.2  per  cent.;  though  for  some  purposes  a  slightly 
higher  percentage  of  carbon  is  used.  The  steels  containing 
between  .7  and  1.2  per  cent,  carbon  are  frequently  called 
tool  steels,  to  distinguish  .them  from  low-carbon  steels,  which 
contain  less  carbon.  Tool  steel  is  generally  distinguished 
from  low-carbon  steel  by  the  fact  that  when  heated  to  a  red 
heat  and  plunged  into  water  it  will  harden.  There  are,  how- 
ever, some  brands  of  steel,  containing  a  little  less  than  .7  per 
cent,  carbon,  that  are  hardened  slightly  by  this  treatment, 
and  hence  there  is  no  well-marked  division  between  the  low- 
carbon,  or  machinery,  steel,  and  the  high-carbon,  or  tool,  steel. 

It  is  the  carbon  that  imparts  the  hardening  property  to 
the  steel.  Carbon,  when  heated,  combines  readily  with  the 
oxygen  of  the  air;  hence,  if  steel  is  heated  in  the  presence  of 
air  it  will  loose  some  of  the  carbon  and  the  outer  surface  of 
the  steel  will  not  harden  properly.  This  is  of  little  conse- 
quence in  tools  subjected  to  considerable  grinding,  as,  for 
instance,  forged  lathe  and  planer  tools,  but  it  is  very  impor- 
tant in  the  case  of  such  tools  as  taps  and  reamers,  which  are 
machined  to  shape  and  size  before  hardening.  Precautions 
must  therefore  be  taken,  in  hardening  the  last-mentioned 
tools,  to  insure  the  maintenance  of  a  proper  percentage  of 
carbon  in  the  surface  of  the  steel. 
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temper;; 
of9<>  >assesai 

:iich  it  absorbs  eonsiderab:  :t  any  ii 

teni;  -  bowing 

tee!   be-  heated  above  this 

point,  and  then  cooled  slowly,  a  brightening  of  fc] 
be  noticed  as  it  passes  this  point,  which  is  called  tin- 

':>rii;h  tenini;   i  •   the  liberation  of 

the  heat  that  previously  was  absorbed  at  this  point. 


Minion^  or  m:\Ti\c; 

%J.      Forge     I""1'  !>"    -ill    s*^'l    work,    including 

tool    dro  Qing    and    tempering.    was    formerly 

done  in  an  ordinary  (Vrtain    preeautions.    how- 

1  in  usinx  such  a  lire  in  order  to  i: 

good  work.     The  lire  must   be  very  divp;  thai   is.   there  must 

n   the-  luxere  and 

:he  blast   from  rednein^  tlu-  carbon 

in  tl  !;re(jnenlly.  what   is  known 

closed   or  oven    t  of   work,    but 

ordinarily  a    :  O    lire  will   be  found  !'v.     Sul- 

])hur  will  injure  the  ijualiiy  of  any  tool  steel;  hence,  for  heal- 
ing '  id  low  in  sulphur  should  be  U 

For  this  reason,  d  and  the 

difficulty  in  i;  •  eontiiuiously  prevent 

If  tlu'  coal  does  contain 

be    reduced   by   \: 

\n£  but  <  he  lin-  whii-h  is  under  and 

around  the  tcw.l   '  ;    the  coal   to 

'uir. 


'{.      Till..'    or    MulM«-    in    !<•(•-«•.       In    or 

of  carbon.    11  healeil    in    a    tub 

d    brought    to   tip 
iron  IK>X,  called  a  nmiih  . 

'      the  muffle  1     closed  at  one  end.  so  that 
it,  the  li<  :11  be 
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effected  in  the  presence  of  such  a  small  amount  of  air  that 
the  surface  of  the  steel  will  not  lose  its  carbon;  then,  too, 
the  muffle  will  protect  the  steel  from  any  sulphur  in  the  fire. 
When  the  tube  is  used,  the  blacksmith  frequently  grasps  the 
end  of  it  in  his  tongs  and  gives  it  a  partial  rotation;  by  doing 
this  every  minute  or  two,  the  steel  will  be  heated  more  uni- 
formly than  if  left  at  rest.  This  is  true  when  heating  round 
steel;  in  the  case  of  rectangular  work,  it  is  generally  neces- 
sary to  leave  the  tube  in  one  position. 

There  is  a  patented  process  for  heating  steel  in  a  closed 
tube  in  a  gas  rich  in  carbon,  so  that  the  surface  of  the  steel 
will  not  lose  its  carbon,  as  would  be  the  case  if  heated  in 
air.  Natural  or  artificial  gas  is  supplied  to  the  tuoe  through 
a  connection  to  the  cap  screwed  on  one  end  of  the  tube,  the 
cap  at  the  opposite  end  being  provided  with  a  hole  about 
~iL6  inch  in  diameter,  through  which  the  gas  is  allowed  to 
escape  and  burn  while  the  steel  in  the  tube  is  being  heated 
in  the  furnace.  Practically  the  same  results  can  be  obtained 
by  heating  the  steel  in  the  presence  of  gas  generated  by 
heating  a  little  finely  divided  coal  or  resin  put  into  the  tube 
with  the  steel,  the  gas  filling  the  tube  and  driving  out  the 
air,  thus  protecting  the  steel  while  it  is  being  heated. 

4.  Gas  Furnace.— With  solid  fuel,  it  is  difficult  to  feed 
it  to  the  proper  point  whenever  needed,  and  to  remove 
the  ashes  as  they  accumulate  without  producing  an  uneven 
heat.  Oil  or  gas  is  better  than  a  solid  fuel  for  heating  steel 
because  a  uniform  heat  can  be  maintained,  oxidation  of  the 
steel  prevented,  and  the  furnaces  used  intermittently  with 
convenience.  In  order  to  prevent  oxidation  of  the  steel,  all 
that  is  necessary  is  to  adjust  the  supply  of  gas  in  such  a  way 
that  there  will  be  a  very  slight  excess  of  gas  present  to  burn 
beyond  the  combustion  chamber  proper.  The  presence  of 
this  gas  excludes  all  air  from  the  steel  and  consequently  all 
oxidizing  action.  By  properly  locating  the  combustion  with 
relation  to  the  heating  space,  it  has  been  found  possible 
to  construct  furnaces  capable  of  maintaining  very  high 
temperatures. 
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5.  Heating  in   i.«  ;i<i. — In  order  to  prevent  oxidation  it 
is  frequently  advisable  to  heat  the  steel  in  some  bath  that  will 
entirely  exclude  the  ar  en  lead  makes  one  of  the  most 
satisfactory  baths  for  this  purpose.     The  lead  can  be  melted 
in  a  cast-iron  pot  or  plumbago  crucible  heated  in  the  forge, 
or  the  pot  may  be  heated  in  a  specially  constructed  furnace. 
The  steel  must  be  left  in  the  bath  until  it  is  heated  through- 
out to  the  desired  temperature.     As  steel  will  float  in  molten 
lead,  it  is  necessary  to  provide  some  means  for  keeping  it 
submerged  in  the  lead  bath. 

6.  Ht»Htii»K  in  rim  re., ;ii. — For  heating  steel  for  harden- 
ing, some  manufacturers  use  muffle  furnaces  in  which  the 
muffles  are  filled  with  charcoal;  the  steel  is  placed  in  the 
heated  charcoal.     The  advantage  claimed  for  this  proce 
that  as  ihe  steel  i  mtly  surrounded  by  very  pure  car- 
bon fuel  at  a  very  high  temperature,  it  will  have  a  tendency 
to  absorb  carbon  rather  than  to  give  it  up,  and  hence  there 
is  absolutely  no  danger  of  burning  the  carbon  out  of  the 
steel.     This  method  is  used  especially  when  heating  very 
high-carbon  steels. 

\\M     U.ING 

7.  Anm-Miintr  hv  r.-M-kinjjr. — The  annealing  of  steel  has 
two  objci  ,  to  soften  the  metal,  and  second,  to  take 
out  the  internal  stresses.     The  simplest  method  of  annealing 
is  to  heat  the  steel  to  a  cherry  red,  and  then  bury  it  in  some 
substance  that  does  not  conduct  heat  readily.     An  iron  box 
nearly  filled  with  slacked  lime,  ashes,  or  other  material  of  a 
similar  nature,  can  be  kept  near  the  forge  for  this  purpose. 
Care  should  be  taken,  however,  to  keep  the  material 
fectly  dry  and  warm.     The  steel  should  remain  buried  until 
it  is  cold.     In  the  case  of  tool  steel,  the  h  ding 
should  always   be   lower  than  that    required   for  hardening. 
f  >verheating  a  piece  of  steel  opens  the  grain  and  reduces 
the  strength. 

When  a  large  number  of  pieces  o  e  to  be  annealed. 

as,  for  instance,  blanks  for  taps,   reamers,   or  other  tools, 
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they  may  be  packed  closely  in  cast-iron  boxes  or  in  pieces  of 
pipe,  using  cast-iron  chips,  fine  charcoal,  or  a  mixture  of 
the  two,  for  the  packing  material.  Sometimes  the  spent,  or 
nearly  spent,  bone  from  the  case-hardening  furnaces  is  used 
for  packing  material.  These  boxes  are  then  placed  in  an 
annealing  furnace  and  brought  to  the  proper  temperature, 
which  is  a  medium-red  heat.  The  draft  is  shut  off  and  the 
furnace  is  allowed  to  cool  slowly.  The  cast-iron  chips  con- 
duct the  heat  better  than  an  air  space  would,  and  support  the 
pieces,  thus  preventing  their  warping.  When  it  is  necessary 
to  take  the  work  out  of  the  furnace  and  allow  it  to  cool  out- 
side, it  is  better  to  use  spent  bone  as  a  packing  material, 
because  the  work  will  cool  much  more  slowly,  owing  to  the 
inability  of  the  bone  to  conduct  the  heat  away  rapidly. 
Sometimes  when  work  is  heated  for  straightening  or  forging, 
the  pieces  are  taken  from  the  forge  and  cooled  in  double 
sheet-iron  boxes  that  have  I  inch  of  asbestos  between  them. 
The  cover  also  is  double,  and  is  provided  with  a  suitable 
hinge  and  counterbalance  weight.  As  the  work  comes 
from  the  forging  machine  it  is  placed  in  the  box,  which  when 
full  is  closed  and  left  to  cool,  usually  over  night.  While  the 
stock  cannot  be  as  thoroughly  annealed  in  this  box  as  when 
heated  to  the  proper  temperature  and  allowed  to  cool  in 
suitable  packing  material,  the  internal  stresses  will  never- 
theless be  very  greatly  reduced. 

8.  Water  Annealing.— Small  pieces  of  steel  are  some- 
times annealed  by  being  heated  to  a  cherry  red  and  cooled 
slowly  in  the  air  until,  when  held  in  a  dark  place,  only  a  very 
dull  red  is  visible.  The  piece  is  then  cooled  in  water. 
Although  this  will  usually  soften  the  steel,  it  is  not  as  relia- 
ble a  method  as  the  slow-cooling  process,  and  should  be  used 
only  when  there  is  not  time  to  anneal  by  slow  cooling. 
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t>.  N\;it<T  r<>r  ii;ir<ifirm«r.  —  In  many  cases,  clear,  cold 
water  is  used  as  a  hardening  bath.  The  best  results  are 
said  to  be  obi  <>m  the  use  of  so: 

used  very  largely.     It  is  a  mistake  to  suppose  that  the  hard- 
ening bath  should  be  as  cold  as  possible;   a  very  cold  hath 
extracts  the  heat  from  the  steel  too  quickly,  and  frequently 
M  cracks  or  breaks  in  the  work.     The  temperature  of 
the  water  for  the  general  run  of  work  should  ne 
70°  F.,  and  for  some  purposes  80°  to  90°  would  be  better. 
In  order  to  eliminate  the  stresses  in  hardened  and  tempered 
tools,  they  are  frequently  placed  in  a  bath  of  boiling  v. 
after  -.     This  relieves  the  internal  stresses  without 

seriously  reducing  the  hardness  of  the  tool;  in  fact,  with 
most  brands  of  steel,  the  reduction  in  hardness  will  not 
be  noticeable. 

1<>.     Salt  solutions.  —  Various  salts  are  added  tow 
hardening  baths  for  two  purposes:  first,  to  increase  the 

iiich  the  bath  will  extract  the  heat  from  the  steel,  and 
second,  to  prevent,  as  far  as  possible,  the  formation  of 
steam  on  the  surface  of  the  work. 

One  of  the  simplest  and,  at  the  same  time,  one  of  the  best 
hardening  solutions  is  made  by  putting  into  rain  water  as 
much  common  salt  as  the  water  will  dissolve.  This  solution 
is  quite  extensively  employed  by  tool  smiths. 

A  solution  that   is  used  by  many  and  is  claimed  to  give 

excellent  results,  though  it  is  very  poisonous  ai  must 

indled  with  great  made  by  dissolving  1  ounce  of 

'.    i   ounce   of    saltpeter,    i    ounce   of   sal   ammo- 
and  i  ounce  of  corrosive  sublimate  in  each  gallon  of  w 

For  some  classes  of  work,  a  solution  made  of   1  ounce  of 
chloride  of  zinc  to  each  pint  of  water  is  used.     This  bath  is 
nmended  for  making  steel 

1  I  .     on  M  •••    ii:ii-«i«-iiiutr   r.i.ili.  oils  arc 

quently  used  in  place  -  ning  baths.      Mineral 

oils  should  never  be  used  for  this  purpose,  since  they  vary 
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so  much  in  composition  that  it  is  practically  impossible  to 
obtain  uniform  results  with  them.  Linseed  oil  is  probably 
the  most  commonly  used  for  a  hardening  bath.  Other  oils 
frequently  used  are  lard  oil,  cottonseed  oil,  whale  oil,  and 
melted  tallow.  Sometimes  two  or  more  of  the  vegetable 
and  animal  oils  are  mixed  in  one  bath,  and  melted  i 
may  be  added  to  the  heavier  oils.  As  a  rule,  hardening  in 
oil  leaves  the  work  softer  and  freer  from  internal  stresses. 
Oil  hardening  baths  are  sometimes  heated  to  a  high  tempera- 
ture so  as  to  avoid  too  sudden  chilling  of  the  steel  with  the 
attendant  danger  of  cracking  or  breaking  the  metal,  or  at 
least  of  introducing  internal  stresses  that  may  result  in  cracks 
later.  For  some  classes  of  work  the  bath  is  heated  as  high 
as  500°  or  600°  F.,  and  the  steel,  when  cooled  in  it,  will 
possess  the  desired  degree  of  hardness  without  any  subse- 
quent drawing  of  the  temper. 

12.  Metallic  Hardening  Baths.— Mercury  is  some- 
times used  as  a  hardening  bath,  especially  when  handling 
very  high-carbon  steels  and  making  special  and  delicate  tools. 
On  account  of  the  fact  that  mercury  has  a  greater  heat  con- 
ductivity than  any  of  the  hardening  solutions  previously 
mentioned,  it  will  cool  the  work  very  much  more  rapidly. 
The  fumes  given  off  from  the  mercury  bath  are  very  poison- 
ous, and  for  this  reason  there  should  always  be  provided  a 
hood  connected  with  a  suitable  chimney  having  a  good  draft, 
or  to  an  exhaust  fan,  so  as  to  remove  these  fumes  as  quickly 
as  they  are  formed. 

For  hardening  some  classes  of  tools,  molten  tin  is  used 
for  the  bath.  It  melts  at  a  sufficiently  low  temperature  to 
permit  it  to  be  used  for  this  purpose,  and  its  relatively  great 
heat  conductivity  causes  it  to  cool  the  steel  very  rapidly. 
Another  advantage  of  using  tin  is  that  it  is  not  volatile  at  the 
temperature  at  which  any  of  the  other  baths  are,  and  hence 
the  steel  is  not  surrounded  with  a  film  of  vapor,  as  in  the  case 
of  all  other  hardening  solutions.  One  advantage  of  this  high- 
temperature  bath  is  that  the  steel  is  not  subject  to  such  sud- 
den stresses,  and  hence  is  not  as  likely  to  break  in  hardening. 
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I.'I.     Tempering  i>\  Color.      W:"-:i  steel  is  heated  to  the 
proper  temperature,  usually  a  cherry  rr  I,  a  tempera- 

;ed  intc,  aha: 

ing  bath  at  or  below  100°  F.,  the  piece  will  id  that  a 

file  will  not  cut  it.      It  will  also  he  brittle.     As  practically  all 
cutting  tools  must  possess  some  toughm 
to  reduce  the  hardness  to  the  lowest  point  consistent  with 
the  work  expected  of  the  tool,   in   order   to   increase   the 
strength  or  toughness  of  the  metal.     The  process  of  redu- 
cing the  hardness  is  commonly  calk  <;  ,h M\\  inir  t  he  temper. 
This  is  done  by  heating  the  steel  to  a  suitable  temperature 
after  it  has  been  hardened.     If  the  hardened  steel  is  simply 
immersed  in  a  bath  of  boiling  water,  the  internal  stn 
will  be  relieved  considerably,  and  the  temper  drawn 
slightly. 

When  the  temper  is  being  drawn  by  color,  adva 
taken  of  the  fact  that  as  a  piece  of  steel  is  heated,  certain 
colors  that  appear  successively  on  its  surface  serve  to  indi- 
cate the  temperature  to  which  it  has  been  heated.     These 
colors,  which  are  commonly  called   temper  colors,   1. 
nothing  to  do  with  the  hardness  of  the  metal,  but  in<: 
the  temperature  to. which  it  was  last  heated.     The  tempera- 
ture to  which  i:  ated  determines  the  hardn 

11.     T.-mperinir   iii   oil. — For  many  classes  of  work. 
the  temper  colors  are  not  needed  on  the  finished  product. 
hence  the  tempering  can  be  done  more  rapidly  and  uniformly 
by  heating  the  work    in   a   bath   to  the   temperature  that  will 
give  the  required  tcm;><  r.     nii-iemperinir  is  usually 
formed  by  placing  the  n  a  bath  of  oil  and  heating  the 

whole  to  the  proper  temperature.     When  sufficiently  heated, 
the  pieces  are  removed  from  the  oil  bath  and  d  to 

cool.     For  ordinary  work,  the   temperature   of   the   bath   is 
read  by  means  of  a  therm-  md  the  \\ 

when  the  oil  is  at  the  proper  temperature.     Ti,<    < old  work 
reduces  the  temperature  of  the  oil  somewhat,  and  hence  th« 
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work  must  be  left  in  the  bath  until  the  latter  is  brought  back 
to  the  desired  temperature.  With  heavy  pieces,  it  is  some- 
times necessary  to  maintain  the  bath  at  the  desired  tempera- 
ture for  a  considerable  length  of  time.  When  the  pieces  are 
required  to  be  clean  and  free  from  oil,  they  are  removed 
from  the  bath  of  oil  and  placed  in  a  kettle  containing  a  hot 
solution  of  soda  to  remove  the  oil.  They  are  then  dried  and 
cleaned  in  sawdust.  Sometimes  the  work  is  taken  directly 
from  the  oil  bath  and  placed  in  the  sawdust. 

In  order  to  avoid  cracking  or  breaking,  complicated  pieces 
of  work  having  sharp  angles  are  sometimes  placed  in  cold 
oil  and  then  heated  to  the  proper  temperature. 


EXAMPLES  OF   HARDENING  AND  TEMPERING 


TAPS.  AND    REAMERS 

15.  Heating  of  Taps  and  Reamers. — Formerly,  when 
only  a  few  taps  were  used  in  a  shop  and  these  were  made  in 
the  tool  room  and  hardened  by  the  tool  dresser,  it  was  a 
very  common  practice  to  heat  them  in  an  open  fire.  Fre- 
quently, the  teeth  of  the  taps  were  filled  with  yellow  soap,  or 
some  similar  material,  to  protect  them  during  heating  and 
prevent  them  from  being  burned  off.  With  the  develop- 
ment of  modern  manufactures,  the  making  of  taps  and 
reamers  has  become  a  specialty,  and  tools  of  this  class  that 
are  made  in  the  tool  room  are  frequently  hardened  by  the 
toolmaker  himself,  who  uses  a  suitable  gas  heating  furnace. 
For  heating  this  class  of  tools,  there  are  several  methods  in 
use.  Sometimes  they  are  heated  in  a  tube  or  muffled  in  an 
ordinary  forge  fire  or  in  a  specially  constructed  coke  furnace. 
In  many  cases  it  is  best  to  allow  the  temperature  of  the 
furnace  to  fall  somewhat  below  the  heat  required  before 
introducing  the  tool,  and  then,  as  the  steel  absorbs  the 
heat  from  the  furnace,  to  increase  the  heat  until  the  required 
temperature  is  reached.  In  all  of  these  methods  it  is  neces- 
sary to  heat  the  steel  as  rapidly  as  is  consistent  with  safety, 
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so  as  to  avoid  any  chance  of  reducing  the  carbon  in  the 
surface.  Taps  and  reamers  are  also  frequently  heated  in 
a  lead  pot  heated  by  gas  or  solid  fuel;  the  principal  objec- 
tion to  this  method  is  that  s  of  lead  sometimes 
adhere  to  the  taps,  especially  in  the  case  of  square  thread 
taps,  and  the  presence  of  any  such  small  particles  of  lead 
will  cause  soft  places  in  the  tool. 

16.     A  properly  constructed  gas  furnace,  like  that  shown 
in   Fig.  1,  is  probably  one  of  the  best  devices  known  for 
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heating  taps,  reamers,  and  other  small  tools.     The  fur 

of  a  cylindrical  r  >ing  lined  with  fireclay  or 

firebrick  and  provided  with  three  or  four  burners  that  project 
the  mixture  of  oil  and  gas  into  the  furnace,  so  as  to  cause 
the  flame  to  circulate  about  the  work.     The  air  valve  is  shown 
at  a  and  the  gas  valve  at  b,  the  air  being  under  a  suit 
pressure,  usually  abou  .kn •  im-h.     The  burners 

are  shown  at  c  and  d.     In  the  center  of  the  top  /  of  the 
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furnace  there  is  a  large  hole  covered  with  a  circular  plumbago 
cover  e,  which  is  pierced  with  holes  to  put  in  the  work, 
the  latter  being  held  by  suitable  tongs  g  or  by  special 
dogs  h.  This  furnace  is  adapted  only  to  comparatively 
long  work,  but  has  the  advantage  of  keeping  the  v 
straight  and  insuring  a  uniform  heat.  When  the  taps  or 
reamers  are  to  be  hardened  throughout,  including  the  shank, 
and  also  other  small  work,  it  is  necessary  to  use  a  lead  bath 
or  a  muffle  or  oven  furnace. 

17.  Pack  Hardening. — The  pack-hardening  process  is 
used  to  prevent  the  fire  from  reducing  the  carbon  in  the  sur- 
face of  high-carbon  steel.  In  this  process,  iron  boxes  are 
used  and  the  work  is  packed  in  charred  leather,  granulated 
charcoal,  or  sometimes  a  mixture  of  one  or  both  of  these 
with  charred  hoofs  and  horns.  Care  must  be  taken  to  see 
that  no  piece  of  steel  is  near  the  walls  of  the  box;  ordinarily, 
they  should  be  kept  at  least  an  inch  away.  The  box  is 
closed  with  a  cover  that  is  sealed  with  fireclay.  After  the 
clay  used  in  sealing  the  cover  has  dried,  the  box  is  placed 
in  a  suitable  furnace,  brought  to  the  desired  temperature,  and 
held  there  a  sufficient  length  of  time  to  bring  the  entire 
contents  of  the  box  to  the  required  degree  of  heat.  When 
beginning  operations  of  this  kind,  it  is  frequently  necessary 
to  ascertain  when  the  box  is  heated  throughout.  In  order 
to  do  this,  a  device  called  a  telltale  is  used.  A  number  of 
A-inch  wires  are  run  from  the  top  to  the  bottom  of  the  box 
through  i-inch  holes  in  the  cover.  If,  after  the  box  has  been 
in  the  furnace  some  time,  one  of  these  wires  is  of  an  even 
red  throughout  when  withdrawn,  the  box  is  left  in  the  fire 
an  hour  or  more  longer;  the  time  necessary  for  the  best 
results  can  be  determined  by  experiment.  Great  care  must 
be  taken  during  this  heat  to  be  sure  that  the  temperature  of 
the  furnace  is  not  allowed  to  rise  above  the  required  degree. 
If  the  first  telltale  piece  withdrawn  does  not  show  the  desired 
temperature,  others  must  be  withdrawn  at  intervals  of  10  or 
15  minutes,  until  the  desired  temperature  is  shown;  the 
timing  should  begin  from  this  point.  When  the  heating  is 
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complete,  the  box  is  removed,  the  cover  taken  off,  and  the 
pieces  removed  and  quenched,  one  at  a  time. 

18.     Coolinir  Uaths  for  lap-  Mini  Reamers. — In  some 
works,  a  salt-and-water  solution  is  used  for  hardening 
and  reamers,  while  in  others,  soft  water  alone  is  used.    In 
the  case  of  taps,  especially  those  that  have  been  pack  : 
ened,  it  is  well  to  use  a  bath  of  raw  linseed  oil.     In 
the  pieces  should  be  moved  up  and  down  in  the  bath  to  insure 
contact  at  every  point  and  to  prevent  soft  spots  owing  to 
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the  accumulation  of  steam.  In  some  shops,  special  harden- 
ing tanks,  in  which  the  water  or  oil  is  circulated  by  suitable 
circulating  pumps,  are  used. 

19.     H|K'Hnl      II;i  rd«  nintf     Tank.      A     tank      specially 
designed  for  hardening  to<  Ig,  '2.     It  cor, 

of  a  cylindrical  tank/?  containing  ;l  hardening  solution,  which 
vs  onirped  ou  bottom  of  the  tank,  through  the  pipe  b, 

Dy  the  centrifugal  pump;,  to  the  tank  through  the 
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pipe  d.  Once  the  solution  enters  the  tank,  the  direction  of 
the  flow  is  governed  by  the  character  of  the  work  to  be  hard- 
ened; in  the  case  of  cylindrical  work,  proper  fixtures  may  be 
used  to  direct  the  water  against  the  surface  of  the  work  in 
jets.  The  work  is  put  in  through  the  hole  /  in  the  center 
of  the  tank.  Provision  is  made  for  supplying  any  additional 
water  that  may  be 
required  from  the 
regular  waterworks 
system  through  the 
pipe  e.  An  overflow 
is  provided  at  /,  and 
a  drain  pipe  at  k. 
For  hardening  the 
surfaces  of  flat  dies, 
the  special  attach- 
ment shown  at  g  is 
used,  being  placed 
some  distance  below 
the  surface  of  the 
water  and  arranged 
to  direct  a  series  of 
flat  jets  against  the 
bottom  of  the  die. 
The  special  fixtures 
shown  at  h  and  i  are 
used  when  hardening 
the  inside  of  cylindri- 
cal pieces,  rings,  or 
cutting  dies. 

This  tank  can  be 
used  with  clear,  cold 
water,  with  a  salt 
solution,  or  with  oil.  When  the  same  solution  is  used  over 
and  over,  an  auxiliary  tank  for  cooling  it  may  be  placed 
beside  the  hardening  tank,  the  solution  being  allowed  to 
overflow  from  the  hardening  tank  into  the  auxiliary  tank. 
Suitable  cooling  pipes,  through  which  cold  water  is  conducted, 
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are  arranged  in  the  cooling  tank,  from  which  the  pump  draws 
its  supply. 

L'O.      In    sonic    cases    where    only   a    limited    amount    of 
hardening  is  done,  a  spraying  device  of  the   form   shown 
ig.  3  may  be  used.     This  is   simply  connected  to   the 
water  main  and  ti  ia  introduced  through  the  opening  k 

in  the  iron  plate  at  the  top  of  the  device.  The  pipes  n 
pierced  with  holes  //  that  direct  the  jets  of  water  against 
the  work.  Frequently,  the  best  results  can  be  obtained  by 
submerging  the  whole  device  in  water,  when  the  jets  will 
serve  to  direct  the  water  against  the  surface  of  the  work  and 
so  break  up  any  steam  pockets  that  might  form  and  have  a 
tendency  to  cause  soft  spots  on  the  work. 

-1.       I  « nip.  riii-     <>f    T;ip-    :m<l      Kramers. — After 

pieces  have  been  hardened  and  polished,  they  may  be  tem- 
pered by  heating  over  a  fire,  over  hot  metal,  or  in  hot  sand, 
until  the  desired  color  appears,  when  they  can  be  quenched 
in  water  or  oil,  or  left  to  cool  in  air;  the  last  process  will 
illy  leave  them  the  softest.  They  can  also  be  tempered 
by  being  placed  in  a  bath  of  oil  and  brin^:  -.1  to  the 

required  temperature. 

During  the  hardening  process  taps  and  reamers   are   fre- 

prung  out  of  true;    thry  can  be  straightened  by  ; 
sure  after  being  heated  to  a  temperature  somewhat    lower 
than  that  at  which  they  are  to  be  drawn.     The  heating 
be  done  in  a  bath  of  hot  oil,  but  it  is  claimed  by  some  tool- 
makers  that  better  results  are  obtained  by  the  following 

bod:     The  tap  is  placed  between  the  centers  o: 
with  the  high  side  toward  the  tool  post.     The  end  of  a 

>n,  clamped  in  the  tool  post,  is  brought  to  .linst 

the  high  side  of  the  tap,  which  is  then  covered  with  lard  oil 
and  heated  by  a  Bunsen  flame  burner  until  the-  oil   In- 
to smoke.     The  tool  post  is  then  run  f<  brin^iiu 
bar  of  iron  against  the  high  side  of  the  tap  and  spring 
straight,  or  even  bending  it  slightly  in  the  opposite  direct 
The  '                                  d  by  pouring  water  over  it.  when  it  will 
be  found  to  be  straight  or  only  slightly  bowed.     As  a  rule, 
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the  tool  smith  does  not  have  the  use  of  a  lathe,  and  hence 
straightens  the  tap  by  heating  to  the  proper  temperature 
over  a  fire,  over  a  flame,  or  in  oil,  then  bending  the  tap  by 
hammering  between  blocks  of  hardwood.  After  the  tap 
is  straightened,  the  temper  is  drawn  in  the  usual  way  to  the 
desired  color  or  to  the  desired  temperature  in  oil. 


TWIST    DRILLS 

22.  Heating  of  Drills.— Twist  drills  may  be  heated 
in  the  gas  furnace  shown  in  Fig.  1,  but  the  lead  pet  is  very 
commonly  used  for  this  purpose,  especially  for  short  drills. 
A  form  of  lead-pot  furnace  is  shown  in  Fig.  4.  The  tem- 
perature of  the  lead  is  kept  between 
1,400°  F.  and  1,450°  F.  by  gas  flames 
between  the  lead  pot  d  and  the  casing  c ; 
/,  /  are  holes  for  lighting  the  gas.  In 
all  such  heating  operations,  it  is  well  to 
exclude  the  daylight  as  far  as  possible, 
and  to  work  by  a  few  incandescent 
lights  giving  just  enough  light  to  _ 


enable  one  to  work.     Under  such  con- 
ditions, the  temperature  can  be  judged  very  closely,  and  the 
eye  must  always  be  depended  on  to  some  extent,  even  when 
pyrometers  or  heat  gauges  are  used. 

When  the  lead  heating  pot  is  used,  the  surface  of  the  lead 
should  be  covered  with  a  little  powdered  charcoal  to  exclude 
the  air.  Sometimes,  in  place  of  charcoal,  a  mixture  of  salt 
and  potassium  cyanide  is  used  to  top  off  the  lead  to  protect 
it  from  oxidation.  The  smaller  size  drills  are  frequently 
placed  in  clamps  holding  several,  and  all  dipped  into  the  pot 
at  once.  Some  manufacturers  prefer  to  heat  twist  drills  in 
muffles  filled  with  charcoal,  so  as  to  avoid  loss  of  carbon 
from  the  surface  of  the  steel. 

23.  Hardening  Drills.— Short  or  standard  length  twist 
drills  will  not  spring  much  if  dipped  vertically  into  a  suitable 
hardening  bath,  which  is  generally  water  or  some  brine 
solution.  The  bath  should  be  agitated  in  some  way,  usually 
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by  having  a  circulating  pump  attached,  somewhat  after  the 
manner  shown  in  Fig.  2.  Very  long  twist  drills  show  a 
tendency  to  spring  when  hardened;  one  method  used  to 
overcome  this  is  as  follows:  The  drill  to  be  hardened  is 
placed  in  a  long  pipe  muffle,  which  is  given  a  partial  rotation 
every  few  seconds  during  the  heating  of  the  drill;  this  insures 
a  uniform  heat.  The  shank  of  the  drill  is  next  placed  in  an 
ordinary  pneumatic  drilling  machine,  and  rotated  very  rapidly. 
The  drill  is  then  lowered  rapidly  into  the  I  ^re  being 

taken  to  keep  it  vertical.  The  rapid  rotation  of  the  drill 
tends  to  prevent  the  formation  of  steam  pockets.  When  the 
drill  is  heated  in  a  horizontal  position,  care  must  be  taken  to 
see  that  it  is  not  bent  in  bringing  it  to  a  vertical  position. 

24.     TrmiuTiiig  Drills. — Twist  drills  are  usually  tern- 


Kir;. 


pered  in  a  bath  of  linseed  oil,  heated  by  a  suitable  fire. 
A   furnac  »le  for  this  purpose,  Fig.  5,  <  of  a 

metal  casing  :>,  in  which  i  :ded  an  oil  tank  s  contain- 

ing a  wire  basket.      In  the  upper  portion  of  the  figure 
is  one  of  the  handles  of  the  i  D   the  floor  in 

front  of  the  furnace  an  empty  '    is  shown.     Air  and 

shuwn    li  tO  the  lw 
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located  on  each  side  of  the  furnace,  the  gas  being  lighted 
through  a  hole  near  the  plug  n.     The  temperature  of  the 
oil  bath  is  gauged  by  the  thermometer  /.     When  a  ba 
full  of  work  is  placed  in  the  oil,  the  temperature  of 
bath  will  fall,  and  care  must  be  taken  to  see  that  sufficient 
time  is  allowed  for  both  steel  and  oil  to  come  to  the  desired 
temperature.     The   work  can  be  removed  and  cooled  and 
cleaned  by  the  methods  already  described. 


MILLING    CUTTERS 

25.  Heating  Milling  Cutters. — Milling  cutters  are  of 
two  general  classes;  first,  tho$e  made  from  high-carbon 
steel,  and  second,  those  made  from  low-carbon  steel  and 
rendered  hard  enough  for  cutting  by  case  hardening.  Most 
milling  cutters  are  sufficiently  pomplicated  to  require  care- 
ful treatment,  both  in  heating  and  hardening,  in  order  to  pre- 
vent cracks  and  to  insure  sharp  edges;  this  is  especially 
true  of  formed  milling  cutters.  A  furnace  designed  for 
heating  tools  of  this  kind,  Fig.  6,  consists  of  a  casing  a  that 
surrounds  both  the  combustion  chamber  and  the  heating 
chamber,  the  two  chambers  being  separated  by  a  fireclay 
slab  b.  The  burners  c  are  arranged  along  both  sides  of  the 
furnace  and  are  supplied  with  air  and  gas  through  suitable 
pipes  controlled  by  the  valves  d  and  e.  The  gases  mingle 
and  partially  burn  beneath  the  slab  6,  the  products  of  com- 
bustion ascending  around  the  edges  of  the  slab  into  the 
space  where  the  work  is  located.  The  work  /  is  supported 
on  a  block  g  in  the  center  of  the  furnace.  Care  must  be 
taken  to  see  that  a  reducing  flame  only  is  present  in  the 
heating  chamber.  The  front  of  the  furnace  is  closed  by  a 
door  h  provided  with  a  small  hole  /  for  observing  the  tem- 
perature of  the  work.  The  burned  gases  escape  from  the 
furnace  through  a  vent  at  /. 

The  supply  of  air  for  the  furnace  passes  through  an  air 
drum  £,  to  which  is  attached  a  relief  valve  /  for  controlling 
the  air  pressure,  which  may  be  varied,  as  required,  by 
weighting  the  valve  with  small  perforated  i-pound  disks. 
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h  are  slipped  on  the  end  of  -tical   valve  stem. 

Two  disks  are  required  to  secure  an  air  pressure  of  1  pound, 
the  unweighted  valve  providing  a  minimum  pressure  of 
I  pound.  The  n  .-,  lu-n  the 

valve  lit!  adily  blows  off  while  the  air  O 

open.     The  \  >uld  be  placed  in,  and  taken  from,  the 

fli:  :th      spe 

tongs  that  bear  on  the 
sides  of  the  cutter  with- 
out touching  the  I 
If  care  is  taken  in  gov- 
erning the  heat,  such  a 
furnace  will  be  found 
very 

ing    large     earbo: 
cutters. 

When  the  shop  i 
provided  with  a  furnace 
like  the  one  just  de- 
scribed, very  suci 
work  may  be  done  with 
the  aid  of  a  lead  pot, 
especially  with  a  large 
number  of  small  cutters. 
Good  work  may 
be  done  in  an  ordinary 
fire,  provided  that  it  is 
deep  enough  to  insure 
freedom  from  oxidation 
by  the  blast.  The  tool 
smith  should  always  be 
.  6  sparing  with  his  blast. 

and  should  not  economize  too  closely  with  his  fuel. 

-«'»•     ii;,.  ,i,  niMir  Milling  (utters. — After  the  milling 
cutter  has  been  heated,  it  should   •  from  the  fire  and 

plunged  into  the  bath  edgewise.     In  i  <  s,  it  will  be 

found  best  to  take  it  from  the  fire  with  the  tongs,  but  to  use 
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a  hook  for  lowering  it  into  the  bath,  because  the  tongs 
will,  prevent  the  bath  from  coming  in  contact  with  the  steel 
at  one  point  on  each  side  of  the  body  of  the  cutter  and  these 
points  will  harden  after  the  balance  of  the  cutter  is  hard,  thu^ 
introducing  serious  stresses  and  usually  warping,  if  not 
cracking,  the  piece.  The  hook,  on  the  other  hand,  is  in 
contact  with  but  a  line  on  the  inside  of  the  hole  through  the 
cutter  and  can  have  but  little  influence  during  the  hardening. 
Milling  cutters  are  usually  hardened  in  clear  water  or  in  a 
brine  solution. 

27.  Tern  poring  Milling  Cutters.— When  only  a  few 
cutters  are  made,  they  are  usually  tempered  by  placing  them 
on  a  bar  of  metal  heated  to  a  dull  red  heat,  the  bar  being  at 
least  i  inch  smaller  than  the  hole.     The  bar  is  rotated  slowly, 
causing  the  cutters   thereon  to  rotate,  and  distributing  the 
heat     more    uniformly.     The    cutters    should    be    polished 
before  this  is  done,  so  that  the  temper  colors  may  be  observed 
readily   as  .they   run   from   the   hole   outwards.     When  the 
proper  color,  usually  a  dark  straw,  appears  at  or  near  the 
points   of   the  teeth,  the  cutter  is  dropped  edgewise  into  a 
bath  of  cold  water.     The  advantage  of  this  method  of  tem- 
pering  is   that  it  produces  a   cutter  having  a  tough  center 
and  a  tough  metal  around  the  roots  of  the  teeth,  while  the 
points  of   the  teeth  are  hard  enough  to   do  the  work.     ( )f 
course,    each    succeeding    grinding   of    such    a    cutter    will 
expose  softer  metal. 

The  smaller  milling  cutters,  when  made  of  carbon  steel, 
are  generally  heated  and  hardened  as  described  above,  and 
then  tempered  in  oil.  For  small  or  delicate  forms,  this 
gives  even  stronger  teeth  than  the  method  just  described, 
and  cutters  thus  tempered  possess  the  added  advantage  that 
successive  grindings  do  not  expose  a  softer  metal. 

28.  End  mills  and  shank  mills  are  heated,  hardened,  and 
tempered  in  the  same  manner  as  taps,  with  the  exception 
that  a  shank  mill  sometimes  has  its  temper  drawn  by  placing 
the  shank  in  a  hot  nut  or  ring  and  allowing  the  heat  to  run 
down  the  shank  and  out  to  the  roots  of  the  teeth.    When  the 
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proper  color  appears  on  the  teeth  the  tool  is  quenched.     The 
disadvantage  of  this  method  is  that  it  leaves  a  soft,  \ 
neck,  and  in  many  cases,  especially  with  slender  tools,  it  will 
be  found  very  much  better  to  temper  by  heating  in  oil. 

i!l>.  In  hardening  any  milling  cutter  or  hollow  mill 
having  a  hole  through  it,  if  the  piece  has  not  been  annealed 
after  drilling  the  hole,  it  should  be  removed  from  the 
when  red  hot  and  then  allowed  to  cool  slowly  until  the  red 
has  entirely  disappeared,  when  it  can  again  be  placed  in  the 
fire,  slowly  heated  to  the  required  temperature,  and  plunged 
into  a  bath  of  tepid  water  or  brine,  working  the  piece  around 
until  it  stops  singing.  It  should  then  be  removed  and 
plunged  into  a  bath  of  oil,  where  it  should  be  allowed  to 
cool.  The  internal  stresses  should  then  be  removed  by  hold- 
ing the  cutter  over  the  fire  until  it  is  warm  enough  to  produce 
a  snapping  or  sizzling  noise  when  touched  with  a  moistened 
finger.  It  can  then  be  laid  aside  and  the  temper  drawn  at 
any  convenient  time.  Sometimes  the  work  is  taken  from 
the  hardening  bath  when  it  ceases  singing  and  placed  in  a 
bath  of  oil  or  boiling  water,  and  later  taken  from  this  and 
allowed  to  cool.  

LARGE    FLAT    WOItK 

>.  riniM  iron-.. — The  irons  for  planing  wood  by  hand, 
including  the  broad  bits  for  jack-planes  and  jointers,  as  well 
as  the  narrower  bits  for  molding  planes,  were  formerly  made 
by  welding  a  tool-steel  face  to  a  piece  of  wrought  iron.  At 
present,  tl,  or  plane  irons,  are  made  from  a  fine  quality 

oiled  or  cast  steel.     The  blanks  are  sheared  or  pm 
to  the  proper  size  and  any  m  machine  work  is  done 

on  them,  including  grinding  the  bevel.  The  cutting  end  of 
the  bit  is  then  heated  to  a  cherry  red  by  placing  it  in  a  lead 
pot.  To  insure  heating  to  just  the  right  distance  from  the 
cutting  edge,  the  bits  are  held  crosswise,  in  a  special  pair  of 
tongs,  in  such  a  way  that  when  the  tongs  rest  on  the  edge  of 
the  lead  pot  the  bits  will  extend  into  the  lead  the  correct  dis- 
tance. Several  bits  may  be  heated  at  one  time;  when  taken 
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from  the  lead,  one  at  a  time,  they  are  dropped  into  a  tank  of 
salt  water  or  plunged  with  the  tongs,  moving  the  pieces  about 
rapidly  until  cool,  then  allowing  them  to  drop  to  the  bottom 
of  the  tank.  The  bits  drop  into  a  wire  basket,  by  which  they 
can  be  lifted  out  when  a  sufficient  number  have  accumulated. 

31.  The  temper  is  drawn  between  hot-iron  plates  pressed 
together  by  a  cam-motion  hand  press,  which  not  only  serves 
to  bring  the  plates 
into  contact  with  the 
plane  iron,  but  also 
assists  in  flatten- 
ing it.  The  temper 
is  regulated  by  the 
length  of  time 
the  bit  is  between 
the  plates.  Occa- 
sionally, one  of  the 
bits  is  tested  for 
hardness  with  a  file. 
It  is  claimed  that 
greater  uniformity  of 


temper  can  be 
obtained  in  this  man- 
ner than  is  the  case 
when  judging  by 
color. 

32.  The  special 
furnace  and  clamping 
device  for  this  work 
is  shown  in  Fig.  7,  some  of  the  details  being  omitted  to 
avoid  complicating  the  sketch.  The  products  of  combus- 
tion from  the  coke  or  hard-coal  fire  beneath  pass  through 
both  plates  a  and  b  on  their  way  to  the  chimney.  The  cam- 
shaft c  is  supported  by  brackets  attached  to  the  lower  plate  a, 
but  not  shown  in  the  sketch.  The  upper  block  b  is  provided 
with  a  counterweight  so  that  it  can  be  raised  to  put  in  the 
work.  The  operation  is  as  follows:  The  block  b  is  raised, 


FIG.  7 
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the  piece  d  to  be  tempere  :  reduced,  the  block  b  low- 

ered and  clan  c  by  means  of  the  ca: 

shaft  c.     After  the  work  1  to  the  lu 

cient  length  of  time,   the  block  b  is  raised  and   the  work 
remove.:.      K«>r  maintaining:  the  fire,  a  forced  i 
the  air  supply  being  controlled  by  the  valve  c  in  the  pipe 
through  which  the  air  is  introduced  below  the  grate  /. 

33.     Circular  Saws  for  Wood. — One  of  the  best  exam- 


i?H  I; 


pies  of  hardening  t  work  is  tb 

circular  saws  for  cutting  wood,  whiel.  •••!  in  the 

following  ..w  blank 

and  all  preliminary   i  ne  «ui   it,   it   i 

to  a  light  cherry  red  on  the  flat  bed  of  a  large  furna< 
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views  of  such  a  furnace  are  shown  in  Fig.  8,  (a)  being  a  side 
view  and  (b)  a  plan  view.  Several  saws  are  placed  in  the 
furnace  at  one  time,  and  are  frequently  moved  and  turned  to 
secure  an  even  heating.  They  are  introduced  first  at  the 
coolest  parts  of  the  furnace  and  gradually  moved  to  the  hot- 
ter parts  in  the  order  shown  in  Fig.  8  (b)t  1  being  the 
saw  to  be  placed  in  the  furnace  and  8  the  first.  A  series  of 
cross-cut  saws  are  also  shown  in  Fig.  8  (b)\  1',  2',  .?',  •/',  etc. 
indicate  their  successive  positions  in  the  furnace.  The  fur- 
nace is  about  14  feet  square  and  is  heated  by  oil  burm 
the  flame  from  which  passes  through  the  flue  a  under  the 
hearth,  up  over  the  bridge  wall  bt  into  the  heating  cham- 
ber c.  It  then  passes  down  thfough  openings  in  the  hearth 
to  a  passage  /,  near  the  base  of  the  furnace,  that  leads 
to  the  chimney  g.  Four  large  openings  d,  d  are  closed  by 
firebrick-lined  doors  lifted  by  a  hydraulic  cylinder. 

When  the  saw  has  reached  the  desired  temperature,  it  is 
quickly  removed  from  the  furnace,  placed  in  a  vertical  posi- 
tion in  a  supporting  frame,  and  lowered,  edgewise,  into  the 
hardening  bath;  generally,  this  bath  is  composed  of  a  mixture 
of  whale  oil,  tallow,  resin,  and  beeswax.  After  the  saw  is 
taken  out  of  the  bath,  it  is  cleaned  by  scraping  and  then 
scoured  with  sawdust. 

34.  For  drawing  the  temper,  the  hardened  saw  is  placed 
between  two  flat,  circular,  cast-iron  plates  in  a  horizontal 
position,  the  upper ,plate  weighing  several  tons  and  being 
lifted  by  means  of  a  hydraulic  cylinder.  The  reason  for 
using  such  a  heavy  plate  is  to  take  out  the  buckling  due  to 
hardening  and  to  give  a  uniform  and  close  contact  of  the  saw 
with  the  hot  plates.  The  plates  are  kept  evenly  heated  by 
revolving  them  in  a  furnace  heated  by  a  series  of  carefully 
controlled  gas  jets.  The  degree  to  which  the  temper  is 
drawn  is  regulated  by  the  time  the  saw  is  left  between  the 
plates,  the  hardness  being  tested  with  a  file  after  removing 
the  work  from  the  plates.  If  the  saw  is  too  hard,  it  is 
returned  to  the  plates.  Saws  for  wood  are  drawn  to  a 
temper  equivalent  to  a  blue  temper  color,  but  usually  in  this 
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method  no  attention  whatever  is  paid  to  the  color,  the  file 
test  being  used  to  determine  their  hardn< 

35.     <<  M  Saws  for  Metal. — Cold  e  Cheated  and 

hardened  in  the  manner  just  described  for  wood  saws,  but 
sometimes  the  temper  of  the  cold  saw  is  not  drawn  at  all,  it 
being  left  just  as  it  comes  from  the  oil  hath;  at  other  times, 
the  temper  is  drawn  to  a  straw  color,  by  means  of  heavy 
plates,  as  described  in  connection  with  the  wood  saws. 


DIM 

36.  Under  the  head  of  dies  may  be  classified  a  great 
variety  of  tools,  embracing  all  types  from  the  heavy  <: 
hammer  dies  to  the  delicate  and  intricate  punching  and  trim- 
ming   dies  for   sheet-metal    work.     Drop  hammer    dies    are 
usually  heated  in  a  special  furnace  or  face  down  in  a  coke 
fire,  the  face  only  being  brought  to  the  desired  .ture. 
They  are  then  hardened  by  bein<:  placed  face  down  on  suit- 
able supports,  with  the  face  just  below  the  surface  of  the 
hardening   bath.     The   hardening    solution    is    then    forced 
against  the  face  of  tl               D  a  scries  of  powerful  ji  • 
prevent  the   formation    of   steam    pockets   and   insure    : 
cooling  of  the  work.     Sometimes  the  die                  :  face  up 
and  subjected  to  the  action  of  a  series  of  jets  of   v. 
After  hardening,  the  temper  is  drawn  to  the  required  degree 
by  heating  over  a  fire  or  over  hot  metal. 

37.  With  thinner  and  more  intricate  press  dies,  greater 
care  must  be  exercised  in  hardening  and  tempering.     Usually 
these  dies  can  best  be  heated  in  some  form  of  oven  furnace. 
If  the  die  contains  any  screw  holes  or  small  holes  that  do 
not  require  hardening,  they  should  be  stopped  with  fireclay, 
so  as  to  avoid  as  far  as  possible  the  risk  of  cracking  the  die. 
The  die  may  be  hardened  in  water  or  brine.     Immediately 
after  hardening,  it  should  be  removed  from  the  bath 
slightly  warmed  to  avoid  cracking.     This  reheating  may  be 
done  by  immersing  the  piece  in  boiling  water  or  by  holding 
the  die  over  the  fire  until  to  such  a  temperature 
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that  a  few  drops  of  water  sprinkled  on  it  will  immediately 
turn  into  steam.  This  temperature  will  not  be  sufficient  to 
make  the  temper  colors  appear,  but  will  aid  in  reducing  the 
tendency  of  the  die  to  crack. 

38.  A  die  made  from  a  blank  cut  from  a  bar  of  steel,  and 
machined  and  worked  out  without  annealing  is  likely  to  crack 
during  the  hardening  process,  especially  when  the  die  is  of 
irregular  outline.    For  this  reason,  the  stock  for  dies  should 
always  be  annealed  when  possible.     If  it  is  not  possible  to 
anneal  the  stock  before  the  die  is  machined  to  shape,  the 
finished  die  should  be  heated  to  a  uniform  red  heat,  removed 
from  the  fire,  and  allowed  to  cool  until  black.     It  should  then 
be  reheated  to  the  proper  temperature  and  hardened. 

39.  The  method  used  for  drawing  the  temper  of  a  die 
depends  very  largely  on  the  form  of  the  die  and  the  use 
to  which  it  is  to  be  put.     Cutting  dies  are  drawn  to  colors 
ranging  from  straw  to  blue,  depending  on  the  work  they  are 
to  perform.     Sometimes,  in  the  case  of  cutting  dies,  one  of 
the  dies  is  made  much  harder  than  the  other,  so  that  the 
harder  die  can  be  used  to  trim  the  softer  one  to  exact  form. 
This  is  an  advantage  when  repairing  the  die  to  take  up  wear. 
After   peening   out   the  worn  edge,   the    irregularities   are 
removed  by  the  harder  die.     The  die  on  which  the  most 
work  has  been  done  should  be  the  hard  die,  and  the  cheaper  one 
the  soft  die.     Thus  far  no  distinction  has  been  made  between 
the  terms  die  and  punch,  the  term  die  being  used  to  cover 
both  parts  of  the  tools  used  for  cutting  and  forming  metal. 

With  forming,  embossing,  or  coining  dies,  the  temper  is 
such  that  the  metal  is  usually  much  harder  than  in  the  case 
of  cutting  dies,  drawing  dies  sometimes  being  made  as  hard 
as  possible.  

SPRINGS 

40.  Flat  Springs. — Under  the  head  of  flat  springs  may 
be  included  every  variety  from  the  small   springs  in  locks 
and  firearms  to  the  heavy  leaf  springs  for  supporting  loco- 
motives.    When  of   uniform  thickness,  the  smaller  springs 
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are  v.  haped  from  sheet  metal  of  the  required  thick- 

ness.    Sometimes  the  steel  i-  :i«l  bent  ; 

but  in  other  cases  it  is  heated  red  hot  and  bent  t 
frequently  by  the  use  of  dies.     In  the  case  of  large  tapered 
springs,  the  metal  is  either  forced  or  rolled  to  shape.     A 
the  steel  has  been  given  the  required  taper,  it  is  bent  to  a 
templet,  or  is   given  the  desired  form  by  the  use  of 
when  it  is  ready  for  hardening.     As  a  rule,   the   steel  will 
harden  more  uniform!  annealed.     This  can  be  accom- 

ed  by  packing  in  boxes  with  spent  bone  or  a  mixture  of 
spent  bone  and  charcoal,  bringing  to  the  required  heat  in  a 
furnace,  and  then  allowing  the  to  cool  in  the  b< 

Sometimes  lar^c  springs  are  annealed  by  heating  them  sepa- 
rately in  a  suitable    furnace,  then   placing   them    in  a  b« 
warm  lime,  where  they  are  allowed  to  cool  slowly. 

41.      Large   spring-  rdened    separately;    they    are 

heated  to  the  required  temperature  and  then  cooled  in  a 

suitable  bath.     No  universal  rule  can  be  given  for  the  bath 

to  be  used,  as  this  depends  very  largely  on  the  character  of 

the  steel  under  treatment.     For  some  steels,  a  bath  of  raw 

ed  oil   is   used  with   great   success,   while  some  spring 

makr  -:i   composed   of  50   parts    of   sperm    o; 

Of  oil,  and  1  part  of  resin.      Sometimes  it  is 
harden    in    a    brine    solution,    and    at    other    t 

vill    give    th-  ,,,mc 

••I  that    requ:-  hing   in   a  bath  of  boiling 

:lts;    this    is   especially   true   of 
some  of  the  cheaper  bran 

rge    quantities  of  very    small    springs    ait-    frequently 
;  bulk,  being  heated  in   some   form   of 

tt  with  or  without  packing  material,  and 
quenched  by  being  dropped  all  together  into  the  hardening 
bath. 

I-.      After  springs  are  hardened,  they  must  lie  temp«  • 
b  is  done  by  several  meth»<:.       Large  spr-  very 

icntly  drawn  to  color  by  polishing  and  then  heating 
a  fire,  a  hot  plate,  or  a  sand  bath.     For  most   work   they 
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should  be  drawn  to  a  full  blue,  sometimes  to  a  very  dark 
blue.  They  should  then  be  plunged  into  oil  or  water  to  fix 
the  temper.  Small  springs  are  also  frequently  treated  the 
same  as  large  springs,  except  that  the  temper  is  drawn  over 
a  gas  flame. 

The  temper  of  springs  of  fairly  large  dimensions  is  fre- 
quently drawn  by  a  process  known  as  fi.-i^hinir  off.  If  lin- 
seed oil  is  heated  to  about  600°,  it  will  burn  with  a  continu- 
ous white  flame  that  can  be  blown  out  only  with  difficulty. 
If  the  temperature  is  slightly  below  this,  the  fumes  from  the 
oil  will  burn  if  a  piece  of  lighted  paper  is  held  over  the  oil 
bath,  but  will  go  out  as  soon  as  the  lighted  paper  is  removed. 
In  tempering  springs,  advantage  is  taken  of  the  fact  that  the 
point  at  which  spontaneous  and  instantaneous  flaming  of 
the  oil  occurs  corresponds  with  the  temperature  to  which  the 
temper  of  the  spring  should  be  drawn.  The  springs  are  first 
dipped  into  oil  and  then  held  over  the  fire,  a  flame,  or  a  piece 
of  hot  iron,  until  the  oil  on  the  spring  ignites.  The  spring 
is  then  plunged  into  a  bath  of  oil  for  a  moment  to  extinguish 
the  flame  and  to  cool  the  surface  of  the  spring,  and  the 
operation  repeated.  By  doing  this  several  times,  the  spring 
is  drawn  to  a  uniform  temper;  flashing  off  three  times  is 
usually  sufficient  for  any  spring.  If  the  oil  were  allowed  to 
continue  to  burn  on  the  surface  of  the  spring,  it  would  result 
in  drawing  the  temper  too  far,  and  in  softening  the  spring  to 
a  degree  at  which  it  would  lose  its  elasticity.  Care  must  be 
taken  to  hold  the  spring  far  enough  from  the  fire  so  that  the 
oil  will  not  ignite  until  the  temperature  of  the  spring  has 
reached  the  temperature  of  the  flashing  point  of  the  oil. 

The  temper  of  springs  of  small  dimensions  is  frequently 
drawn  by  placing  them  in  a  bath  of  oil  and  heating  the  oil  to 
about  600°  F.;  for  some  work,  a  few  degrees  less  is  sufficient. 

43.  Coiled  Springs.— For  some  classes  of  work,  coiled 
springs  may  be  made  by  taking  high-temper  spring  wire  and 
coiling  it  on  a  suitable  mandrel  in  an  engine  lathe;  these 
springs  will  frequently  give  good  results,  especially  for  ten- 
sion springs.  For  compression  springs,  however,  and 
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especially  for  those  of  large  dimensions,  the  metal  is  usually 
coiled  while  hot  and  is  then  hardened  and  tempered  in  a 
manner  similar  to  that  used  for  flat  springs,  the  heating 
being  ac>  :ed  in  a  suitable  furnace.  The  temper  of 

large  spiral  springs  is  usually  drawn  by  flashing  off.  Where 
proper  facilities  are  at  hand  small  springs  are  usually  tem- 
pered by  heating  in  oil. 

SELECTION  OF  KIT  i 

44.  A  piece  of  properly  tempered  tool  steel  has  a  finer 
grain  than  the  bar  from  which  it  was  made,  but  the  fineness  of 
the  grain  alone  is  not  an  indication  of  the  degree  of  hardness. 
If  two  bars,  one  containing  about  .8  per  cent,  of  carbon,  and 
the  other  containing  about  1.1  per  cent,  of  carbon,  be  properly 
hardened,  the  appearance  of  the  fractures  of  the  two  bars 
will  not  be  very  different,  but  the  bar  containing  the  higher 
percentage  of  carbon  will  be  the  harder,  while  the  one  con- 
taining the  lower  percentage  of  carbon  will  be  the  tougher. 
The  percentage  of  carbon  in  steel  should  be  graded  accord- 
ing to  the  purpose  for  which  it  is  to  be  used,  and  an  order 
for  steel  should  be  accompanied  by  a  statement  as  to  the 
purpose  for  which  the  different  bars  are  to  be  used,  so  that 
the  maker  may  be  able  to  select  steel  containing  the  pr 
percentage  of  carbon.  Most  manufacturers  of  carbon 
make  at  least  twenty-four  grades.  If  it  is  necessary  for  a 
ng  tool  to  be  harder  than  a  given  grade  of  steel  will 
make  it,  a  steel  containing  a  higher  percentage  of  carbon 
should  be  used.  Steel  for  many  forms  of  dies  and  pu: 
and  for  taps  can  be  of  a  lower  grade  than  that  required  for 
certain  forms  of  reamers  or  cutting  tools  for  cutting 
hard  1;  for  turning  chilled  iron,  the  steel  must  have 

practically  the  highest  obtainable  percentage  of  carbon. 

•15.     Whether  or  not  the  steel  contains  harmful  elements 

is  another  point  to  be  considered  wlv 

ing  it.     For  some  cl  work  tl  -itain 

practically  nothing  but  iron  and  carbon:  nothing  but  a  hi-h- 
grade  crucible  steel  can  fulfil  these  requirements.  For  many 
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purposes,  however,  Bessemer  or  open-hearth  steels  arc  suit- 
able for  tools  that  do  not  require  a  very  high  percentage  of 
carbon.  A  careful  study  of  the  conditions  will  usually  make 
it  clear  as  to  whether  a  very  high  grade  of  steel,  costing, 
say,  50  cents  per  pound,  is  required,  or  whether  a  cheaper 
grade,  costing,  probably,  10  cents,  or  even  less,  can  be  u 

46.  The  lower  the  percentage  of  carbon,  the  higher  is 
the  hardening  heat  of  the  steel.  Ordinarily,  steel  makers 
are  called  on  to  furnish  steel  without  adequate  speci 
tions,  and  hence  they  have  adopted  the  plan  of  varying  the 
carbon  with  the  size  and  form  of  the  bar.  All  users  of  steel, 
however,  should,  as  previously  stated,  be  careful  to  state  the 
purpose  for  which  the  steel  is  to  be  used,  and  as  a  result 
they  will  usually  obtain  steel  much  better  suited  to  their 
work.  It  is  not  always  advisable  to  purchase  low-priced 
steel,  as  usually  the  lower  the  price  the  poorer  is  the  quality. 
Frequently,  the  cheap  steels  are  the  off-heats  or  the  steels 
containing  a  large  percentage  of  impurities. 


HIGH-SPEED  TOOL  STEELS 


HEAT  TREATMENT  OF  HIGH-SPEED  TOOL  STEELS 

47.  High-speed  tool  steels  require  very  different  heat 
treatment  from  that  necessary  with  carbon  steels.  When 
the  tool  is  to  be  hardened,  it  is  usually  heated  to  a  white 
heat,  that  is,  until  the  scale  of  the  surface  appears  molten. 
It  is  then  cooled  in  a  blast  of  cold  air.  In  the  Taylor-White 
process  for  treating  steels  of  this  class,  the  part  of  the  tool 
to  be  hardened  is  heated  white  hot,  and  then  plunged  into  a 
bath  of  molten  lead  maintained  at  a  red  heat,  care  being 
taken  to  have  the  bath  of  sufficient  volume  that  its  tempera- 
ture will  not  rise  perceptibly  while  the  tools  are  in  it.  The 
steel  is  cooled  rapidly  to  the  temperature  of  the  lead  bath, 
because  the  lead  transmits  heat  rapidly.  The  tools  are  then 
removed  and  cooled  to  the  temperature  of  the  air. 
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•IS.     When  this  class  of  steel  was  first  brought  out,  it  was 
supposed  that  it  would  be  used  for  roughing  tools  for  the 
lathe  and  planer,  and  that  it  could  not  be  used  extensively 
for  tools  made  by  machinery,  as  milling  cutters  and  drills. 
,  it  was  discovered  that  if  the  properly 

packed  and  heated  to  a  white  heat  and  then  al  cool 

slowly,  it  would  be  soft  enough  to  be  machined.     In  packing 
the  steels,  they  should  be  placed  in  a  pipe  or  box  and  sur- 
rounded by  small  pieces  of  coke  or  charcoal;  the  box  sh 
then  be  sealed  with  fireclay,  care  being  taken  to  leave  \ 
for  the  escape  of  the  gases  given  off  by  the  coke.     The  : 
ing  furnace  should  first  be  heated  to  a  white  heat,  the  p 
ing  cases  introduced,  and  left  from  1  to  3  hours,  depending 
on  the  size  of   the   pieces.     They   should    then    be   slowly 
cooled  with  the  furnace,  or  by  being  buried  in  some  non- 
conducting substance.     When  cold,  the  steel  will  be 
enough  for  machining.     The  pieces  are   then  machined  to 
shape  and  harden 

49.     The  heating  for  hardening   high-speed   steels   can 
be  accomplished  in  a  number  of  ways.     The  pieces  may  be 
suspended  in  a  gas  furnace  similar  to  that  shown  in  I;i^-.  1.  • 
special  furnace  capable  of  maintaining  a  very  high  heat  1 
used.     Great  care  must  be  taken  that  no  oxygen  strikes  the 
steel  while  it  is  being  heated.     The  work  can  also  be  In 
in  a  lead  pot,  the  lead  being  contained  in  a  graphite  crucible 
and  covered  with  powdered  ch  nd  brought  to  a  white 

heat.  If  the  heating  is  done  in  an  ordinary  blacksmith's 
forge,  care  must  be  taken  to  avoid  uneven  heating  of  the 
bottom  of  the  crucible,  as  the  blast  of  the  forge  ma\ 
blowpipe  on  one  spot  and  burn  a  hole  through  tin-  crucible. 
The  steel  may  also  be  heated  by  packing  in  pipes  or  li- 
as already  described  for  annealing,  and  bringing  to  a  white 
heat.  Whichever  method  is  used,  care  must  be  taken  to 
plunge  the  steel  into  a  bath  of  oil  immediately  on  taking 
it  from  the  fire,  lead  pot,  or  packing  box.  Linseed  oil, 
sperm  oil,  or  fish  oil  may  be  used  for  this  purpose.  If  the 
work  is  exposed  to  the  air,  it  will  scale  and  so  change  its  size. 
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50.  After  the  steel  has  been  hardened,  it  will  be  found 
too  brittle  for  such  tools  as  taps,  drills,  milling  cutters,  etc., 
and  hence  the  temper  must  be  drawn.  If  drawn  by  col* 
will  be  necessary  to  observe  a  new  set  of  temper  colors;  for 
even  the  blue  heat  of  carbon  steel  is  not  sufficient  for  high- 
speed tool  steel  and  the  heat  must  be  continued  until  the 
metal  reaches  a  greenish  tint.  The  piece  is  then  allowed  to 
cool  in  a  dry  place,  where  it  will  not  be  affected  by  dr 


FIG.  9 

Usually  this  will  leave  it  soft  and  tough  enough  for  most 
purposes,  but  in  some  cases  it  must  be  heated  to  a  black 
heat,  or  until  the  red  is  just  visible  in  a  dark  place.  When  a 
lead  pot  is  used  for  heating  the  steel,  it  is  well  to  bring  the 
piece  to  a  bright  red  or  orange  heat  in  a  furnace  before 
introducing  it  into  the  lead,  as  this  will  avoid  extremely 
sudden  changes  of  temperature  which  might  crack  or  break 
the  steel. 


:-J 
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SPECIAL  FURNACES   FOK    II AltDENING 

AND   TKMI'KKING 

51.  I  in  i    fi.r    iiar.i.  -nhiir  ii  i  IMI:K-<  •-.. — The  ideal 
for    .  furnace    is    one    tin-    supply    i.f    which 

iy  be  controlled,   so  as   to   maintain   a   uniform    temper- 
ature   and   at    t: 
time   insu-  :ucing 

:nder    all     ciicum- 
stanees.      The  on'. 
' 

with  a   solid    fuel    is    by 
having  a  very  deep  tire 
and    a    grate    or    tuyere 
carefully     designed     to 
prevent  the  lo 
of     the      blast,     which 
mi^ht     force     unburned 
air    through     the 
The   difficulty   of  | 
taining  a   uniform    he.it 
with  solid  fuel,  and  also 
the    fact  that  a  fr. 

cannot    be   used    inter- 
mittently,  has    resulted 
in    the    use    of    g;> 
most  «  r   heating 

work  for  hardening  and 
tempering. 

52.  Bench    Forgf.—  In    the    tool    room    for    heating 
small  work,  the   gas  forge  shown  in  Fig.  9  will  be  found 
very  useful.     This  style  was  first  designed  for  brazing  thick- 
sheets  of  brass,  by  placing  the  joint  in  the  center  an-. 
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the  sheet  on  iron  flanges  a  that  project  on  each  side  of  the 
furnace.  For  hardening  steel,  two  firebricks  b,c  are  ordi- 
narily placed  on  the  flanges  a,  forming  a  heating  chamber 
2£  inches  wide,  2  inches  high,  and  6  inches  deep.  This  furnace 
is  heated  by  three  burners,  one  at  the  top  and  one  on  each 
side,  to  effect  an  even  distribution  of  the  heat  and  also  to 
enable  the  furnace  to  be  heated  up  quickly. 

53.  Tool-Room  Forge. — When  work  of  medium  size  is 
to  be  heated,  the  forge  shown  in  Fig.   10  will  give  good 
results.     It  is  commonly  known  as  a  tool-room   forge  and 
is  made  in  several  sizes,  with  corresponding  variations  in  the 
size  of  the  heating  chamber.     The  work  is  placed  in  the 
heating  chamber  through  the  doof  a.     The  two  burners,  one 
on  each  side  of  the  furnace,  are  supplied  with  gas  through 
the  pipe  b,   and  with  air  through  the  pipe  c,  the  supply  of 
both  air  and  gas  being  controlled  by  suitable  valves.     Such 
a  furnace  in  the  tool  room  will  enable  the  toolmaker  to 
harden  practically  all  his  tools.     The  advantage  of  having 
tools  hardened  in  the  tool  room  is  that  the  toolmaker  knows 
exactly  the  character  of  the  steel  used  for  each  piece,  and 
hence  can  give  it  suitable  treatment. 

54.  Circular  Annealing  and  Hardening  Furnace. 

Many  special  forms  of  gas  furnaces  have  been  developed  for 
special  work.  For  heating  large  circular  work,  for  annealing 
or  hardening,  a  furnace  of  the  form  shown  in  Fig.  11  will  be 
found  very  convenient.  This  furnace  consists  of  a  circular 
metal  casing  a  'with  a  suitable  firebrick  lining  b.  The 
burners  c  are  arranged  in  such  a  manner  that  they  enter  the 
furnace  tangentially  so  as  to  cause  the  flame  to  travel 
around  in  the  furnace,  thus  insuring  uniform  distribution  of 
the  heat.  The  cover  consists  of  an  iron  band  d,  inside  of 
which  are  clamped  firebrick  tiles  e,  and  is  so  arranged 
that,  by  throwing  back  slightly  the  lever  /,  it  will  be  lifted 
off  the  furnace  by  the  chains  g,  when  it  may  be  swung 
to  one  side,  giving  access  to  the  work  and  to  the  entire  top 
of  the  furnace.  The  work  h  is  supported  in  the  center  of 
the  furnace  on  suitable  firebrick  tiles. 
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,">,">.     Ovoii-Aiinraliiiir   Im-narr. —  In  any  shop  \vh« 
considerable  amount  of  high-carbon  steel  is  used,  it  is  i 
sary  to  make  provision  for  the  annealing  of  the  ste- 
packing  boxes.     A  furnace  suitable  for  heating  such  i 
ing  boxes,  shown  in   Fig.   12,  consists  of  an  oven  below 


PIG    11 

whose  tile  floor  a   there  is  a  combustion   chamber  with   a 

M  of  burners  b  arranged  along  each  side.  Iron  1 
are  usually  placed  on  the  tile  floor  to  protect  it  from 
as  the  packing  boxc  d  in  and  out.  The  door  d 

should  be  arranged  with  a  cor 
opened   and   closed   easily.     The    products   of   combustion 
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escape  through  the  openings  e,e  in  the  top  of  the  furnace. 
This  furnace  is  of  sufficient  capacity  to  take  in  boxes  or  pots 
large  enough  to  hold  any  ordinary  work. 

56.  Tumbling-Barrel  Furnace.— To  insure  a  uniform 
temperature  for  small  work,  many  special  types  of  furnaces 
have  been  developed.  One  of  these,  shown  in  Fig.  13,  is 
used  for  heating  steel  in  drawing  the  temper.  The  furnace 


FIG.  12 

consists  of  an  ordinary  oven,  with  a  metal  casing  a  and 
burners  b,  b,  the  temperature  of  which  can  be  regulated  by 
means  of  a  thermometer  c.  The  temperature  registered  by 
the  thermometer  will  not  be  the  same  as  the  temperature  of 
the  interior  of  the  furnace,  but  the  proportion  between  the 
two  will  be  always  the  same,  and  if  experiment  has  proved 
that  a  certain  temperature  on  thermometer  c  is  right  for  a 
certain  class  of  work,  that  temperature  can  be  recorded  and 
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always  used  when  hardening  i  .f  work.     The 

front  of  the  •  losed  by  a  door  d  when  the  furnace  is 

ie  the  furnace  there  is  a  tumbling:  barrel  f,  sup- 

ported  on  a  shaft  passing  through  the  back  of  the  furnace; 


this  tumbling  barrel  can  easily  be  detached  and  lifted  out  of 
the  furnace  by  means  of  the  handle  /.  'I' In-  supporting  shaft 
for  the  tumbling  barn  *  ited  by  a  pair  of  bevel  gr 

one  of  which  is  on  the  shaft  g.     When  in  use,  the  work  is 
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dropped  into  the  tumbling  barrel,  or  drum,  e,  and  the  machine 
started.  The  work  can  be  observed  from  time  to  time  by 
opening  the  door  d  and  noting  the  color  of  the  work,  or  by 
removing  a  piece  and  trying  it  with  a  file.  When  the  proper 
conditions  have  been  determined,  it  is  not  necessary  to  < 
the  door  d  until  the  thermometer  c  has  indicated  the  required 
temperature  for  a 
sufficient  length  of 
time  to  draw  the 
work  to  the  desired 
temper. 

57.  Sand  Tem- 
per-  Drawing 
Furnace. — In  some 
cases,  better  results 
can  be  obtained  in 
drawing  the  temper 
of  the  work  by  expo- 
sing it  to  a  shower 
of  heated  sand.  A 
furnace  for  doing  this 
class  of  work  is 
shown  in  Fig.  14. 
It  consists  of  an  oven 
furnace  in  which  is 
arranged  a  tumbling 
barrel,  or  revolving 
cylinder,  the  inside 
surface  of  which  is 
filled  with  a  series  of 
boxes  that  carry  the 
sand  up  and  then  pour 
it  in  a  shower  over  the  work.  Clean  white  sand  or  ground 
flint  is  generally  used  for  this  purpose,  and  the  work  itself 
slides  or  rolls  forwards  on  the  sand  in  the  bottom  of  the 
drum  as  the  latter  slowly  rotates.  The  rotating  drum  a  is 
driven  by  a  worm-wheel  and  worm,  shown  in  the  illustration. 
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The  temperature  may  be  gauged  by  noting  the  reading  of 
the  thermometer  b.  The  burners  are  arranged  in  a  chamber 
below  the  revolving  drum,  the  gas  bein^  lighted  at  the 
hole  r. 

.~>s.  Air-ivm|M-rinir  i-'u rimer.  Por  tempering  certain 
classes  of  \v«>rk.  there  is  frequently  used  a  furnace  so 
arranged  as  to  he;!  through  pipes  or  between 

plates  situated  in  the  heating  chamber.     The  heated  air  is 
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then  conveyed  to  the  ovc;  -:ber  in  which  the  work  to 

be  tempered  is  placed. 

59.    Cbaln-Conveyer  Pnrnaoe.     For  heating  or  tem- 
pering work   of   irregular   form,   many  differ. 
chain-conveyer  furnaces  have  been   brought   out.      One   of 
these  The   furnace   body   prop 

heated  by  a  series  of  burners  b,  />.  and  the  wo: 
pered  is  placed  between  the  cast  link  hand 

end  of  the  furnace.     The  temj  !  the 

speed  of  the  chain  are  so  regulated  that  the  work  is  heated 
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to  just  the  required  degree  while  it  is  passing  through  the 
furnace.  When  the  work  has  been  heated  it  is  dropped 
automatically  into  a  cooling  bath  k.  Furnaces  of  this  class 
are  used  for  heating  a  great  variety  of  work,  for  either  hard- 
ening or  tempering. 

60.  Lead-Pot  Furnace. — Molten  lead  is  largely  used 
as  a  bath  for  heating  steel  for  hardening.     The  lead  may 
be  contained  in  a  small  pot  over  a  special  furnace,  like  that 
illustrated  in  Fig.  11,  or  the  pot  may  contain  over  a  ton  of 
molten  metal,  as  in  the   case  of   furnaces   in   which    it    is 
desired  to  maintain  the  temperature  of  the  bath  within  very 
close  limits. 

61.  Oil-Tempering  Furnace. — For  drawing  the  tem- 
per in  oil,  special  oil   baths  placed   over  suitable  heating 
furnaces  are  very  frequently  used.     One  form  of  gas-fired 
oil-tempering  bath  is  shown  in  Fig.  5.     For  large  or  long 
work  these  baths  frequently  take  the  form  of  deep  cylindri- 
cal pots,  which  may  be  heated  over  a  coke  or  coal  fire  or  by 
means  of  oil.     As  the  style  of   furnace  required   depends 
entirely  on  the  character  of  the  work  being  done,  no  general 
rules  for  the  selection  of  oil-tempering  furnaces  can  be  given, 
but  there  are  certain  precautions  that  should  always  be  taken. 
With  gas-burning  furnaces,  the  gas  and  air  valves  should  be 
so  located  that  the  boiling  over  and  ignition  of  the  oil  in  the 
tempering  tank  will  not  prevent  the  operator  from  shutting 
off  the  fire  under  the  furnace.     In  any  oil-bath  furnace,  there 
should  be  provided  a  cover  that  can  be  placed  over  the  tank 
quickly  to  extinguish  any  fire  that  may  start.    With  an  oil-bath 
furnace  heated  with  solid  fuel,  the  bath  should  be  so  located 
that  the  boiling  over  of  the  oil  will  not  carry  it  into  the  fire 
in  the  heating  chamber.     By   observing   these   precautions 
the  tempering  tank  becomes  a  relatively  safe  device,  even 
when  the  oil  is  to  be  heated  to  a  very  high  temperature. 

62.  Tool  Dresser's  Forge.— When  the  steel  is  heated 
in  a  forge  using  solid  fuel,  it  is  well  to  have  a  specially  con- 
structed forge  with  a  hood.     The  reasons  for  this  are:  first, 
for  all  tool   dressing  a  very  deep  fire   is   necessary,   and 
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second,  the  hood  will,  to  a  considerable  degree,  protect  the 
work  from  drafts.  A  good  form  of  this  style  of  forge  is 
shown  in  Fig.  16.  A  iron  base  a  supports  the 
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forge  pan  b,  over  which  is  mounted  a  hood  c.    At  the 
of  the  hood  there  is  a  rectangular  opening  </,  through  which 
long  work  is  allowed   to  project.     Blast   for  the 
supplied  by  the  pipe  e.     In  the  front  of  the  hood  then 
large  rectangular  opening  /,  giving  re;i< 

ie  forge  pan.     The  top  of  the  forge  b  should  be  about 
3  feet  in  diameter,  and  the  hood  about  24  inches  high  up  to 
the  conical  portion  leading  to  the  stack.     Crushed  col 
generally  used  as  a  fuel  in  such  a  forge,  although  for  some 
work  charcoal  may  be  used. 


63.     iijir.ii-niiiir  Furnace.—  In  many  cases,  a  hardening 
furnace  using  coke  as  a  fuel  is  desired;   - 
shown  in  detail  in  Figs.  17  and  is.  the  left-hand  y 
Fig.  17  being  a  front  view,  and  the  right-hand  j 
tion.     Fig.  18  (a)  gitndinal  section,  and   Fig.  1- 

a  plan  of  the  grate  and  a  section  through  the  fir<  The 
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grate  bars  are  of  the  herring-bone  pattern.  In  any  furnace 
of  this  kind,  it  is  very  important  that  the  surface  of  the  grate 
should  remain  level,  and  that  the  bars,  as  far  as  possible, 
should  be  kept  from  warping.  Warping  of  grate  bars  causes 
an  unequal  distribution  of  the  air,  resulting  in  an  unequal 
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heating  and  possible  burning  of  the  steel.  Clean,  hard  coke 
should  be  used  for  such  a  furnace,  unless  for  special  work 
good  hard  charcoal  is  preferable.  The  fire  should  be  kept 
at  such  a  level  that  its  upper  surface  will  be  level  with,  or 
slightly  above,  the  bottom  of  the  fire-door. 
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HARDENING  BATHS 

*M.      \Vatcraiul  I5i-i  in-  Ha t  h^.      hi  many  shops,  a  barrel 
or  any  other  convenient  receptacle  is  used  to  hold  the  v 
for  the  hardening  bath.     Where  considerable  hardening 
be  done,  especially  where  brii  :,  it  is  well  to  have  a 

large  tank  that  can  be  covered,  when  not  in  use,  to  exclude 
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dust  and  dirt,  and  the  '  'ure  of  which  can  be  controlled 

either  by  suitable  steam  and  cold-water  pipes  passing  through 
the  bath,  or  by  surrounding  the  bath  by  a  tank  of  water  main- 
tained at  the  desired  t<  ire.  In  most  cases,  if  the  bath 
is  in  cont  isc,  it  will  be  necessary  to  cool  it  in  order 
to  keep  it  at  the  proper  temperature,  and  this  can  be  ao 
plished  by  flowing  col'  .tbout  the  bath.  Fig.  19  shows 
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a  plan,  and  side  and  end  elevations,  of  a  hardening  bath,  in 
which  a  is  a  large  water  tank  and  b  the  bath  proper.  The 
water  for  cooling  the  tank  a  flows  in  through  the  pipe  c,  and 
the  overflow  water  passes  out  through  the  pipe  d.  It  will  be 
noticed  that  the  pipe  c  is  brought  into  the  tank  in  such  a  way 
as  to  insure  the  circulation  of  the  water  about  the  bath  />. 
If  for  any  reason  it  is  desired  to  maintain  the  bath  at  a  tem- 
perature above  that  of  the  inflowing  water,  it  may  be  n< 
sary  under  some  circumstances  to  warm  the  bath,  and  in  this 
case  a  steam  pipe  may  be  placed  in  the  tank  a. 

65.  Oil  Baths. — When  oil  baths  are  used,  they  may  be 
arranged  as  shown  in  Fig.  19,  the  oil  being  in  the  bath  b,  and 
the  water  circulating  about  it  to  keep  it  at  the  required  tem- 
perature. Circular  tanks  having  double  walls  are  also  fre- 
quently used,  being  so  arranged  that  there  is  a  circulation  of 
water  between  the  walls.  In  some  cases,  oil  baths  are  pro- 
vided with  air  pipes  passing  down  the  sides  and  along  the 
bottom,  for  injecting  air  into  the  bath  through  a  large 
number  of  very  small  holes.  These  air  pipes  are  arranged 
in  the  central  part  of  the  tank  and  cause  the  oil  in  the  center 
to  rise,  and  that  next  the  walls  to  descend.  The  air  not  only 
serves  to  circulate  the  oil  and  so  keep  it  at  a  uniform  tem- 
perature, but  also  aids  very  greatly  in  cooling  the  oil. 
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66.     For  measuring  ordinary  temperatures,  even  as  high 

000     1  •'..  special  mercurial  thermometers  are  fn<]in 
used;  but  for  determining  the  temperatures  necessary  for 
annealing,  hardening,  and  similar  operations,  some  form  of 
i>\r<mn-t«-r  should  be  employed.     One  form  of  pyrometer 
for  measuring  high  temperatures  is  shown  in  Fig.  20;  in  its 


» 

design,  advantage  has  been  taken  of  the  faet  that  the  color 
ie  filament  in  an  incandescent  electric  lamp  depends  on 
the  amount  of  current  flowing  through  it.     This  pyrometer, 
nr    thermal    gauge,   e<  metal    tube   //,    blackened 

inside,    into    v.  d    an    in  :it    lamp   b   whose 

filament  is  a  conical  heir  wn  in  ^  tail  at  c. 

A  resistance  box  d  is  used  for  varying  the  amount  of  current 
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passing  through  the  lamp,  while  a  very  delicate  ammeter  e  is 
used  to  measure  the  current,  which  is  furnished  by  a  storage 
battery  /.  In  determining  the  temperature,  the  operator 
looks  through  the  tube  a  at  the  work  in  the  furnace,  varying 
the  resistance  of  the  lamp  circuit,  while  doing  so,  by  means 
of  the  rheostat  d  until  the  color  of  the  lamp  filament  is  of  the 
same  shade  as  that  of  the  work  examined.  When  the  filament 
is  hotter  than  the  work,  it  is  brightly  outlined  against  the 
latter;  but  when  the  filament  is  at  a  lower  temperature  than 
the  work,  it  appears  darker  than  the  latter.  When  the  fila- 
ment and  the  work  are  of  the  same  temperature,  they  are  of 
the  same  color  and  the  filament  then  becomes  invisible. 
The  amount  of  current  passing  through  the  lamp,  as  meas- 
ured by  the  ammeter  <?,  then  serves  to  indicate  the  tempera- 
ture of  the  work;  the  temperature  readings  corresponding 
to  the  current  readings  of  the  ammeter  are  obtained  by 
means  of  a  chart  or  table,  or  the  ammeter  may  be  provided 
with  a  special  scale  giving  temperature  readings  directly. 
This  instrument  may  not  only  be  used  for  measuring  tem- 
peratures in  the  manner  indicated,  but  it  may  be  used  for 
observing  the  time  at  which  a  piece  of  work  arrives  at  a 
desired  temperature.  It  is  also  possible  to  use  it  in  meas- 
uring the  temperature  of  different  parts  of  the  same  furnace, 
the  tube  simply  being  turned  toward  that  part  of  the  furnace 
which  is  to  be  examined.  The  resistance  in  the  circuit  is 
then  varied  until  the  filament  and  the  work  correspond  in 
color,  when  the  ammeter  reading  will  indicate  the  tempera- 
ture, as  explained  above. 
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PROPERTIES  AND  MANUFACTURE  OF 
LOW- CARBON  STEEL 

1.  Properties  of  L.ow-Carbon  Steel. — What  is  com- 
monly known  as  low-carbon,  or  merchant,  steel  gener- 
ally contains  from  .1  to  .5  per  cent,  of  carbon,  although  it 
sometimes  contains  as  high  as  .75  per  cent.  It  is  used  in 
the  construction  of  machinery,  the  structural  work  in  build- 
ings, in  ship  building,  bridge  building,  railroad  work,  etc. 
Phosphorus  or  sulphur  should  not  exceed  .1  per  cent,  in  for- 
gings.  Phosphorus  makes  steel  brittle  when  cold;  that  is, 
cold  short.  Sulphur  makes  steel  brittle  when  hot;  that  is, 
hot  short.  Most  low-carbon  steels  contain  a  very  small 
amount  of  manganese,  but  the  quantity  of  this  element  is  so 
small  that  it  has  practically  no  effect  on  the  properties  of  the 
steel.  A  good  quality  of  low-carbon  steel  containing  only 
.1  per  cent,  of  carbon  can  be  forged  very  much  like  wrought 
iron.  Such  steel  is  soft,  ductile,  and  malleable.  It  can  be 
welded  in  small  pieces,  but  it  cannot  be  used  to  build  up 
large  forgings  by  welding,  as  is  done  with  wrought  iron. 
Its  strength,  in  tension,  is  usually  less  than  60,000  pounds 
per  square  inch,  but  it  increases,  though  the  ductility 
decreases,  as  the  percentage  of  carbon  is  increased.  The 
higher  the  percentage  of  carbon  the  harder  is  the  steel,  both 
when  hot  and  when  cold,  and  hence  high-carbon  steels 
require  heavier  blows  for  producing  a  given  effect  in  forging. 

Low-carbon  steels  may  be  subjected  to  various  treatments 
to  impart  certain  desired  qualities  to  them.  They  may  be 
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annealed  to  make  them  soft  and  to  relieve  internal 
they  may  be   oil-treated,   or   oil-tempered,    to    make    them 
tough    and   increase    their   strength,   or  they  may  be  case- 
hardened  to  give  them  hard  surfaces. 


of    i.o\\  -<  'M  NM.II   st  «•»•!.--  Low-carbon 
steel  may  be  made  by  the  crucible  process,   the   Bess- 
process,  or  the  01  :h  process.     The  i  ised  will, 

to  a  large  extent,  determine  the  percentage  of  impurit 
contains;   and  generally  the  presence  or  absence   <>t    other 
elements  than  carbon  determines  the  fitness  of  any  given 
steel  for  different  classes  of  work. 

In  the  IlessoiiHT  proems  molten,  iron  containing  a 
considerable  amount  of  carbon  and  silicon  is  placed  in  a 
OOnrerter]  this  :aped  vessel  with  an  open- 

;:i  the  to;  ig.  1,  and  supported  on  trunnions  t>t  V  ^ 

so  that  it  can  be  rotated.     The  comer:  .vtially  turned 

on   its  side  and  the  charge  of    molten  iron   poured    int 
comp  admitted    through    the    trunnion   /», 

which  acts  as  a  valve,  as  the  converter  to  its  upright 

position.  This  air  passes  to  the  bottom  d  of  the  t 
through  the  pipe  c,  and  up  through  the  holes  e  in  the  lining. 
It  rushes  through  the  molten  metal  and  burns  out  the  carbon 
and  silicon.  The  air  pressure  must  be  sufficient  to  prevent 
the  steel  from  flowing  through  the  openings  e  into  the 
bottom  of  the  converter.  Theoretically,  the  carbon  can  be 
burned  out  to  any  desired  point  and  t;  pped, 

thus  producing  steel  containing  the  desired  percentage  of 
carbon;  in  practice,  however,  it  is  found  exceedingly  difficult 
to  stop  the  work  at  this  point.     Hence,  all  the  «. 
burned  out  and  then  the  desired  amount  is  added  by  putting 
in  an  iron  high  in  carbon. 

In  this  method,  silicon,  which  is  one  of  the  acid  element 
burned  out;  hence,  this  process  is  known  as  the 
Process.     It  is  the  one  generally  used,  especially  in  the  north- 
ern and  t   the  United  Stat  most 

of  the  pig  iron  in  this  region  is  1  ph<>spli< 

high  in  silicon.     Phosphorus  cannot  be  burned  out  in  the 
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acid  Bessemer  process,  hence,  the  pig  iron  must  be  low  in 
phosphorus  if  steel  is  to  be  made  from  it  by  this  process. 
Bessemer  steel  is  also  made  by  what  is  known  as  the  basic 
Bessemer  process.  In  it  silicon  cannot  be  burned  out  to  any 
great  extent,  and  hence  iron  low  in  silicon  must  be  used.  It 
may,  however,  contain  a  greater  percentage  of  phosph< 
as  some  of  this  is  burned  out.  The  converter  must  be 
provided  with  different  linings  for  these  two  processes. 


FIG.  1 

Bessemer  steel  can  be  made  with  any  required  percentage  of 
carbon.  The  greatest  value  of  the  Bessemer  process,  how- 
ever, is  due  to  the  fact  that  steel  can  be  made  by  them  at  less 
cost  than  by  any  other  process,  and  it  is  therefore  used 
largely  for  making  steel  rails,  structural  shapes,  etc.;  also, 
for  steel  forgings,  especially  those  of  moderate  size. 
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3.  Open-Hearth  Process  ,,r  M:iUinir  st <•«•!. —In  the 
Bessemer  process,  the  steel  is  made  from  pig  iron,  but  in 
the  opeii-hrnrtii  process  a  large  portion  of  the  charge  is 
scrap  steel  that  has  already  been  purified.  In  the  Bessemer 
process,  air  is  blown  through  the  melted  iron  to  burn  out  the 
carbon,  but  in  the  open-hearth  process  the  carbon  is  removed 
by  a  flame  burning  against  the  surface  of  the  melted  iron. 
The  open-hearth  process,  therefore,  requir< 
of  metal  with  but  little  depth  and  tak  i  the 

style  of  furnace  in  which  the  steel  is  made.     An  open-lit 
furnace  is  shown  in  Fig.  2.     The  iron  is  heated  in  the  hearth, 
or  basin  a,  and  the  air  and  gas  enter  and  the  burned  -4 
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irou^h  flues  b  and  c.     The  chambers  d, cP , 
are  nearly  filled  with  firebrick  or  thin  tile  checkerwork  con- 
taining wide  open  spaces.     When  the  process  is  compl 
the  metal  is  drav.  h  through  a  spout  at  /.      In 

'lesion,  the  hearth  //  is  arrange- 

it  can  be  tilted  toward  the  spout  for  the  purpose  of  pour- 
the  steel,  the  ends  being  stationary,  as  in   the  fur 
shown  in  Fig.  2. 

The  fur  rted  by  mcltii  i  the 

hearth  and  sometimes  by  using  melted  iron  ju  >mes 

from  the  blast  furnace.     Air  i  <  ker- 

work  ,-,  and  the  K  -d   through   tli  i  work  ^, 
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the  air  and  gas  mix  and  burn  at  b.  The  flame  is  directed 
downwards  so  that  it  strikes  the  surface  of  the  metal  in  the 
hearth,  causing  it  to  be  heated  to  a  very  high  temperature. 
The  burned  gas  passes  out  at  c,  through  the  chambers  d,  (Ft 
heating  them  as  it  passes  to  the  chimney.  When  the  chc* 
work  in  d,d'  is  heated  sufficiently,  valves  that  control  the 
direction  of  flow  of  the  air  and  gas  are  changed  so  that  the 
air  enters  through  d  and  the  gas  through  </',  and  the  burned 
gases  pass  out  at  />,  heating*?  and  ef.  By  reversing  the  direc- 
tion of  flow  of  the  air  and  gas,  in  this  way,  about  every 
20  minutes,  the  checkerwork  can  be  heated  to  a  very  high 
temperature.  The  heat  taken  up  by  the  checkerwork  is  then 
given  up  to  the  entering  air  and  gas  when  the  direction  is 
reversed.  Because  of  this  heat,  the  temperature  of  the  flame 
is  greatly  increased;  such  a  furnace  is  called  a  regenera- 
tive open-lieartli  furnace. 

During  the  process,  the  carbon  and  impurities  on  the  sur- 
face are  burned  out  as  the  molten  mass  is  rabbled,  that  is, 
worked  by  using  a  long  bar.  The  rabbling  brings  to  the 
surface  the  metal  in  the  bottom  of  the  bath  and  aids  in  pro- 
ducing a  uniform  mixture  of  desired  quality. 

In  the  Bessemer  process,  it  is  impossible  to  take  samples 
of  the  charge  during  the  process  and  test  them;  but  in  the 
open-hearth  process,  the  charge  is  in  the  furnace  for  a  greater 
length  of  time,  and  samples  are  taken  from  time  to  time,  a 
quick  analysis  made,  and  the  necessary  changes  made  in  the 
treatment  to  produce  the  desired  quality.  In  this  way,  a 
steel  of  any  desired  composition  can  be  made  without  adding 
carbon,  which  is,  at  best,  a  somewhat  uncertain  method.  In 
the  open-hearth  furnace,  as  in  the  Bessemer  converter,  both 
acid  and  basic  processes  may  be  used,  the  process  depending 
on  the  elements  burned  out.  The  lining  must,  however,  be 
selected  to  suit  the  charging  material. 

Open-hearth  steel  is  generally  of  more  uniform  grade  and 
purer  than  Bessemer  steel,  but  the  furnace  and  regenerative 
stoves  are  expensive,  the  time  required  in  the  process  is 
greater,  and  the  expense  of  the  fuel,  flux,  and  other  charging 
materials  greatly  increases  the  cost  of  production,  so  that 
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this  class  of  steel  ys  more  expensive  than  BCSM 

steel.  Open-hearth  steel,  however,  is  of  better  quality  and 
greater  strength  and  is  used  where  the  require!: 
exacting.  By  exercising  great  care  in  the  manufacture  of 
steel,  a  good  grade  of  steel  may  be  made  by  either  the 
Bessemer  or  the  open-hearth  process;  but  ordinarily  the 
higher  grades  are  made  only  by  the  open-hearth  pnu 

4.       IriM-irnlaritlf*.    Orru  rri  ntr    in     Ingots. — The    Steel 

as  it  comes  from  the  open-hearth  furnace  or  the  Bessemer 
converter  is  poured  into  a  large  ladle  and  then  into  ir<>n 
ingot  molds.  The  surface  of  the  metal  is, 
of  course,  immediately  chilled,  and  solidifies; 
the  center,  however,  and  especially  the  upper 
remains  molten  for  some  time.  As 
the  interior  gradually  cools,  the  sulphur  and 
other  impurities  are  driven  toward  the  cen- 
ter, or  to  the  part  that  cools  last.  The  • 

My  in  cooling:,  and  this 
usually  results  in   a  shrink  hole  01 
size,  filled  with  gas,  in  the  top  of  the  ingot, 
town    at    </,    Fig.    3.      Sometimes    this 
shrink    hole   extends    more    than    half    way 
the  ingot;  this  is  known  as   piping. 
The    piped    ingot,    if    drawn    down    ii, 
forging,  will   have  a  flaw  running  through 
its  center,  the  length  of  the  tla 
ing  to  the  length  of  the  piping  in  the  ingot.     As  the  gas 
from  the  interior  cannot  escape  except  l>y  passing  through 
the  solidified  surface  of  the  metal,  the  hole  in  the  finished 
forging  will   have   approximately  the  same  volume  as   tin- 
pipe  in  the  original  ingot.     Where  large,  high-grade  forgings 
are  :  KC  a  large  ingot,  and  then 

cut  of!  the  upper  portion,  which  contains  the  g;  rt  of 

the  impuritic  ,y  piping  that  may  ha \  -lace.     It 

is  possible  to  produce  ingots  in  which  thi 
com;  all,  but  •  t  forging*  it  is  never 

wise  to  use  the  upper  portion  of  the  ingot. 


m  ~ 
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5.  Fluid  Compression  of  Steel. — In  the  case  of  very 
large  ingots,  the  fluid-compression  process  has  been  used 
successfully  to  prevent  piping.     In   this  process,  the  ingot 
mold  is  placed  under  a  large  press  and  great  pressure  is 
brought  to  bear  on  the  top  of  the  ingot.     This  great  pres- 
sure  prevents,    to    a   large    extent,    the    separation   of    the 
sulphur  and   other  injurious  elements   from   the  steel,  and 
hence  prevents  their  collecting  at  the  center  and  also  reduces 
the  piping  to  the  least  possible  amount. 

6.  Use  of  Thermit  to  Prevent  Piping. — If  powdered 
aluminum  and  oxide   of  iron  are  mixed  in 

certain  proportions  and  ignited,  they  will 
burn,  producing  a  very  great  heat,  the  prod- 
uct being  practically  pure  iron  or  very  low 
carbon  steel,  and  oxide  of  aluminum  as  a 
slag.  The  mixture  of  powdered  aluminum 
and  oxide  of  iron,  which  is  called  thermit, 
has  been  used  to  reduce  piping  in  ingots. 
The  ingot  is  allowed  to  cool  until  the  lower 
part  of  it  is  solid,  but  the  upper  crust  is  still 
in  such  a  condition  that  it  can  be  broken. 
The  upper  crust  is  then  broken  with  a  heavy 
bar  and  a  can  of  thermit  introduced,  as  shown 
at  a,  Fig.  4.  The  burning  of  this  thermit 
raises  the  temperature  of  the  upper  part  of 
the  ingot  and  makes  the  steel  sufficiently 
fluid  for  the  gases  to  escape  easily.  A  small 
amount  of  hot  steel  is  then  added  to  fill  the 
space  that  would  ordinarily  be  taken  up  by  the  piping.  The 
result  is  that  when  the  ingot  is  cool  it  will  be  found  to  con- 
tain only  a  few  small  holes  near  the  top;  in  other  words,  the 
piping  effect  is  reduced  to  a  very  small  amount. 

7.  Nickel  Steel.— Nickel  has  been  alloyed  with  steels 
of  almost  all  percentages  of  carbon,  but  its  special  advan- 
tage seems  to  be  in  low-carbon  steel  that  contains  between 
3   and  4   per  cent,   of   nickel.     Nickel    is    a    metal    that   in 
many    of    its    properties    is    very    similar   to   iron,    and   it 
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seems  to  form  a  perfect  alloy  with  iron  in  practically  all 
proportions. 

Nickel  steel  is  a  very  close-grained,  tough   material   of 
great  strength;  like  all  steel,  however,  it  requires  careful 
treatment  to  obtain  the  best  results.     Its  tensile  strength 
and  resistance  to  wear  are  remarkably  high.     It   is   mure 
expensive  than  ordinary  low-carbon  steel;  its  greater  co 
however,  not  due  to  the  nickel  that  it  contains,  but  to  the 
very  large  amount  of  extra  work  required  to  brinjr  it  t 
best  condition.     Such  parts  as  crankpins  for  locomotives,  gun 
barrels  to  be  used  with  high-power  explosives,  piston  rods 
and  connecting-rods  for  high-speed  engines,  especially  when 
of  large  size,  and  many  other  pieces,  are  made  from  n 
steel  on  account  of  its  toughness  and  its  gr«  igth. 

A  good  forging  cannot,  however,  be  made  from  a  nickel-steel 
ingot  by  the  ordinary  forge  and  hammer  used  for  low-carbon 
steel,  without  subsequent  annealing  or  heat  treatment.  The 
heat  treatment,  which  consists  of  annealing,  oil  tempering, 
and  reannealing,  brings  out  the  good  qualities  of  nickel 

It  is  claimed  that  3  per  cent,  of  nickel  alloyed  with   an 
open-hearth  steel  containing  .25  per  c  luces 

a  metal  equal  in  tensile  strength  and  ductility  to  a  carbon 
steel  of  .45  per  cent,  carbon.     The  influence  of  nickel  on  the 
elasticity  and  strength  of  steel  increases  with  the  p 
of   carbon    present,    high-carbon    nickel    steels    showing    a 
greater  increase  than  low-carbon  steels. 

8.       l.ffi-i-1    of    Hc.-it  intr    on     L«>\\  -Cnrhoii   S|«»«*l.-     \Y 
Steel  is  c  t   begins  to  crystallize  the  moment 

the   molt*  begins  to  solidify;    and   the  more  slowly  it 

cools  the  coarser  is  the  crystallization.     At  a  temperature  of 
from    1,200°   F.  to   1,400°  F.,   the  cooling   is   monu  n: 
arrested,  and  in  some  cases  the  steel  actually  be 
and  shows  a  visible  brightening.     At   this  point,  which   is 
known  as  the  point  oi  ems 

to  be  interrupted  by  some  rearrangement  of  the  molecul< 
the  steel.     If,  after  cooling  to  the  temperature  of  tin-  atmos- 
phere, the  steel  is  again  heated  to  a  point  below  the  point  of 
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recalescence  and  allowed  to  cool,  the  size  of  the  crystals  will 
not  be  affected,  but  if  the  steel  be  heated  slightly  above  the 
point  of  recalescence,  all  previous  crystallization  is  destroyed 
and  the  steel  assumes  an  amorphous,  or  uncrystallized,  con- 
dition. If  it  be  again  cooled  from  a  point  slightly  above  the 
point  of  recalescence,  the  crystallization  will  be  much  finer 
and  the  steel  much  stronger.  The  point  of  recalescence  of 
steel  varies  with  the  amount  of  carbon  contained.  Ordinary 
low-carbon  steel  for  forging  purposes  contains  betwee; 
and  .5  per  cent,  carbon.  The  higher  the  percentage  of  carbon 
contained,  the  nearer  will  the  point  of  recalescence  approach 
1,200°  F.;  while  the  lower  the  percentage  of  carbon  con- 
tained, the  nearer  will  it  approach  1,400°  F. 


ANNEALING,   OIL-TEMPERING,   AND 
CASE-HARDENING 


ANNEALING  LOW-CARBON  STEEL 


EFFECT    OF    ANNEALING 

9.  Annealing  has  a  double  object:  first,  to  effect  a 
change  in  the  size  of  the  crystals  of  the  steel;  and  second,  to 
remove  the  internal  stresses  due  to  forging  and  irregular 
cooling.  In  order  to  effect  a  change  in  the  character  of  the 
crystals  of  the  steel,  it  is  necessary  that  the  steel  be  heated 
above  the  point  of  recalescence  and  then  cooled  suddenly. 
In  order  to  remove  internal  stresses,  it  is  not  always  neces- 
sary to  heat  to  the  point  of  recalescence,  as  such  stresses  are 
frequently  due  to  a  partial  hardening  of  the  steel,  in  which 
case  the  heating  of  the  piece  to  from  800°  F.  to  900°  F.  will 
usually  cause  the  desired  change  in  structure.  The  forging 
temperature  for  low-carbon  steel  is  from  1,800°  F.  to  2,000°  F. 
When  the  steel  at  this  temperature  is  taken  from  the  furnace 
and  placed  under  the  hammer  or  forging  press,  it  immediately 
begins  to  cool  and  crystallize.  Working  on  the  piece  retards 
and  disturbs  this  crystallization;  and  as  the  work  usually 
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proceeds  from  one  end  of  the  piece  to  the  other  It  is 

that  the  finished  forging  is  very  irregular  in  iliza- 

tion  and  the  metal  is  subject  to  serious  whose  < 

nature  is  unknown,  but  which  may  amount  to  several  thou- 
sand pounds  per  square  inch.     It  is  to  remove  the 
from  irregular  crystallization  that  forgings  should  be  annealed 


by  heating  above  the  point  of  recalescence;  annealing  the 
forging  at  an-  temperature  will  not  effect  this  result. 

In  piece  nCC  rind  then 

denly  co«  re  may  !>•  utinl 

hardening  of  the  steel,  and  these  maybe  removed  by  rcl 
ing  to  a  lower  temperature. 
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ANNEALING    STEEL    FORCINGS 

10.  Annealing  Furnaces. — For  annealing  large  pieces, 
specially  constructed  furnaces  are  necessary,  as  the  tempera- 
ture must  be  controlled  very  carefully.  A  cross-section  of  a 
furnace  for  annealing  large  shafts  is  shown  in  Fig.  5;  the 
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FIG.  6 

shaft  is  supported  on  suitable  piers  b.  Wood  is  used  for 
heating  the  work.  Peep  holes  a  for  observing  the  tempera- 
ture of  the  work  are  provided  on  one  or  both  sides  of  the 
furnace.  The  top  of  the  furnace  is  covered  with  cast-iron 
bungs,  or  frames,  c,  lined  with  firebrick.  Openings  are  left 
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at  d  through  which  the  fire  can  be  observed,  or  fresh  fuel 
added.  These  furnaces  are  sometimes  more  that  100  feet 
long.  The  work  in  them  is  observed  very  closely  and  the 
temperature  maintained  at  exactly  the  required  point. 
Another  furnace  constructed  for  annealing:  long  work  is 
shown  in  Fig.  6.  In  this  case,  three  shafts  have  been  placed 
in  the  furnace,  and  are  supported  on  steel  bars,  as  shown. 
The  furnace  is  so  constructed  that  it  can  be  heated  with 
either  coal  or  wood,  or  with  both.  The  fire-doors  d  are 
placed  along  the  side  of  the  furnace,  permitting  the  fire  to 
be  made  at  any  point  or  all  along  the  furnace.  Peep  holes  a 
are  provided  for  observing  the  temperature  of  the  work,  and 
the  roof  or  top  of  the  furnace  is  closed  with  bungs  c. 


Pio.  7 


1  1 .  oil-ll<  .it«  <l  .\iiii<>:iliiiir  Furii:i<-«'.— A  cross-section 
of  a  furnace  specially  constructed  for  annealing  lar^c  links, 
or  eyebars,  is  shown  in  Fig.  7.  This  furnace  is  constructed 
entirely  below  the  floor  level,  with  the  exception  of  the 
arched  top  or  cover.  The  cover  is  made  in  sections,  so  that 
:i  be  lifted  off,  and  is  lined  with  firebrick.  The  eyebars 
are  made  of  steel  and  have  a  large  eye  on  each  end. 
The  forging  of  these  ends  produces  internal  M  \\  the 

pieces,  and  hence  the  whole  link  must  be  carefully  annealed. 
The  bars  a  are  placed  in  the  annealing  furnace  a  s  the 

eyes  are  completed  and  while  they  are  still  hot.  The  sup- 
ports c  are  so  arranged  that  the  ends  of  the  bars  with  the 
eyes  overhang.  When  the  furnace  is  full  of  work,  the  covers 
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are  put  on  and  the  oil  burners  bt  placed  at  regular  intervals 
along  the  entire  length  of  the  furnace,  are  lighted.  The  eye- 
bars  are  heated  to  a  medium  red  heat,  when  the  oil  is  shut  off 
and  the  furnace  allowed  to  cool  slowly  for  about  17  hours. 
The  covers  are  then  removed  and  the  work  taken  out. 


OIL,  TREATMENT  OF  LOW-CARBON  8TEBI* 


EFFECT    OF    OIL    TREATMENT 

12.  The  strength  of  steel  seems  to  depend  very  largely 
on  the  sizes  of  the  individual  crystals  thereof;  the  finer  the 
crystals  the  stronger  is  the  steel.  What  is  known  as  oil- 
tempering,  or  oil-treating,  is  frequently  resorted  to  in 
order  that  the  crystals  may  be  as  fine  as  possible.  This 
treatment  consists  in  heating  the  steel  to  a  point  slightly 
above  the  point  of  recalescence  and  then  plunging  it  into  a 
bath  of  oil.  This  preserves  the  amorphous  condition  of  the 
steel  that  results  from  heating  it  above  the  point  of  recales- 
cence. The  sudden  chilling  of  the  steel,  however,  results  in 
a  certain  degree  of  hardening,  and  hence  it  is  usually  neces- 
sary to  anneal  oil-tempered  forgings  or  to  draw  the  temper  by 
heating  them  carefully  to  from  800°  F.  to  900°  F.  With  high- 
carbon  steel  heating  to  such  temperatures  will  result  in  a 
thorough  softening  of  the  steel,  and  will  remove  all  traces 
of  hardness  without  producing  a  coarser  crystalline  structure 
in  the  steel.  When  an  extensive  line  of  tools  or  machinery 
is  to  be  manufactured  from  low-carbon  steel,  great  care 
should  be  taken  to  obtain  metal  of  a  uniform  character,  and 
to  determine,  by  experiment,  the  best  temperatures  for  treat- 
ing it.  In  the  case  of  very  large  forgings,  it  is  possible  to 
take  test  pieces  from  the  forging  and  analyze  and  test  them 
carefully,  but  in  the  case  of  small  work  it  is  impossible  to 
test  each  piece,  and  hence  the  necessity  for  always  using 
steel  of  uniform  composition.  For  oil-treating  small  forgings 
of  a  regular  shape,  special  cast-iron  chairs,  or  supporting 
frames,  may  be  made  to  support  a  number  of  pieces  while 
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heating,  and  then  these  frames  with  the  pieces  may  be 
lowered  into  the  oil  bath  and  all  cooled  together.  Such  a 
method  as  this  effects  great  economy  in  handling. 

Sometimes  forgings  of 
low-carbon  steel  arc  sub- 
•  a  combined  oil 
tempering:  and  annealing 
process,  which  consists  in 
heating  the  pieces  above 
the  point  of  recalesct 
cooling  them  in  a  bath  of 
oil,  and  then  heating  them 
uniformly  to  a  dull 
and  allowing  them  to  cool 
slowly  in  a  dry  place.  This 
is  practically  the  same  as 
the  oil  tempering,  except 
that  the  heat  is  frequently 
carried  to  a  dull  red,  or 
about  900°  F.  or  1,000°  F. 

IIS.  Oil  Tn-a  t  iiii-ii  t 
of  Small  \VorU.  Small 
pieces  may  he  treated  by 

placing  a  number  in  a 
iron    tray   like   that    shown 

in    Fig.   8   and    heating    them    to    tin-  turc. 

They  are  then  ta  .ind  lowered  into  a  tank  of  oil  until 


OOOOOO  OOOOOO 
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nearly  cold,  but  lifted  out  while  still  hot   enough  to  drain 
and  dry  cjuiekly.     The   tray  shown   in    Fig.  8   is   U15  it, 
square;  (a)  is  a  section,  and  (6)  a  plan  view.     The  bottom 
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of  the  tray  is  U  inches  thick,  and  has  144  holes,  li  inches  in 
diameter,  through  it.  There  is  a  heavy  lug  in  the  center, 
with  a  hole  to  receive  the  crane  hook  or  other  lifting  device. 
For  lifting  and  moving  the  cast-iron  trays  from  the  furnace, 
a  special  lifting  hook  of  the  form  shown  in  Fig.  9  may  be 
used.  The  cast-iron  box  or  tray  containing  the  work  is 
brought  from  the  furnace  with  the  lifting  hook  and  set  on  the 
floor  near  the  oil  tank.  A  crane  is  then  used  to  place  the  tray 
in  the  bath  of  oil. 

TEMPERATURES    FOR    TREATING    STEEL, 

14.  For  oil-treating,  the  steel  is  ordinarily  heated  between 
1,375°  F.  and  1,450°  F.;  the  exact  temperature  depending  on 
the  percentage  of  carbon  contained.  For  annealing  work,  it 
is  heated  to  from  1,200°  F.  to  1,270°  F.  For  forging  open- 
hearth  or  other  low-carbon  steel,  it  should  be  heated  to  from 
1,800°  F.  to  2,000°  F.  The  lower  the  percentage  of  carbon 
the  lower  is  the  temperature  required,  although  it  is  also  true 
that  low-carbon  steels  will  stand  higher  temperatures  than 
will  high-carbon  steel  without  being  injured. 


CASE-HARDENING 


PRINCIPLES    AND    APPLICATION 

15.  Theory  of  Case-Hardening. — Owing  to  the  fact 
that  the  percentage  of  carbon  in  low-carbon  steel  is  small,  it 
cannot  be  hardened  sufficiently  to  resist  any  considerable 
wear  unless  it  is  subjected  to  a  treatment  known  as  ease- 
hardening.  The  process  adds  carbon  to  the  outer  surface 
of  soft,  or  low-carbon,  steel  or  wrought  iron,  thereby  con- 
verting it  into  high-carbon  steel,  which  may  be  hardened. 
When  heated  to  a  red  heat  while  in  contact  with  wood  or 
bone  charcoal,  ground  bone,  charred  leather,  or  other 
material  rich  in  carbon,  the  metal  absorbs  carbon  from  the 
material  in  which  it  is  packed  and  heated.  The  depth  to 
which  the  carbon  penetrates  depends  on  the  kind  of  packing 
used,  the  temperature  at  which  the  metal  is  kept,  and  the 
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length  of  time  it  is  heated.     The  higher  the  temperature, 
the  more  rapid  is  the  absorption  of  carbon;  while  the  longer 
the  heat  is  maintained,  the  greater  is  the  depth  to  which  the 
carbon  penetrates.     The  absorption  of  carbon  product 
outer   layer   or   surface  coating  of   high-c  ;eel    that 

becomes  hard  when  the  piece  is  cooled  suddenly,  thereby 
imparting  to  the  metal   the  desired  wear-resisting   t\\\ 
while  retaining  the  toughness  of  the  soft  core  o  nged 

iron  or  low-carbon  steel.     Carbon  may  be  added  1 
of  the  bone-charcoal  process  or  by  the  cyanide  method,  the 
former  being  used  when  the  case-hardening  is  to  be  com- 
paratively deep,  while  the  latter  is  ordinarily  employed  \ 
but  a  thin  film  of  hardened  steel  is  required,  or  when 
case-hardening  is  necessary.     If  red-hot  steel  be  coated  with 
potassium  cyanide,  or  placed  in  contact  with  molten 
the   cyanide  is  decomposed,   the   carbon    contained   therein 
entering  the  steel  and  thus  case-hardening:  it. 

16.  I'ackliitr  MalrrljiK  for  <  'ii-ir-Hardcnl  njr. — The 
most  common  packing  materials  f«  ardening 

ground  bone,  either  raw  or  charred,  charcoal,  charred 
leather,  or  charred  hoofs  and  horns.  Kadi  material  is 
especially  advantageous  for  some  purpose.  It  is  advisable, 
however,  to  use  packing  materials  containing  but  a  small 
percentage  of  elements  that  might  be  injurious  to  t 
as,  for  instance,  sulphur  and  phosphorus.  Raw  bone  will  not 
make  a  piece  of  work  as  tough  as  charred  bone. 

For  hardening  small,  delicate  work,  the  following  mixture 
has  been  recommended:  Equal  parts  «.f  bone  charcoal  and 
granulated  hardwood  charcoal  are  thoroughly  mixed  together, 
and  with  each  twenty  parts  of  th  ire  is  thoroughly 

mixed  one  part  of  charred  leather. 

High,  quick  heats  will  not  leave  a  piece  of  c.i 
work  as  strong  as  it  would  be  if  a  lower  heat  had  been  o 
while  it  was  being  carbonized,  provided  that  in  all  cases  the 
heat  is  sufficiently  high  f  high 

heats  should  be  avoided,  especially  when  the  work  is  taken 
from  the  case-hardening  boxes  and  quenched  immediately. 
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17.     Cyanide    IlaiMi<»nin^    t<»    Resist   Wear.— Small 

pieces  of  steel  made  from  low-carbon  steel,  such  as  gun 
typewriter  parts,  are  frequently  given  a  hard  surface  to  resist 
wear  by  dipping  them  into  a  pot  of  molten  potassium  cyanide 
and  cooling  them  in  water.     Such  a  pot  may  be  heated  in 
an  ordinary  forge,  but  it  is  better  to  use  a  regular  ey«- 
hardening  furnace;   such  a 
furnace,  made  for  use  with 
gas,  is  shown  in  Fig.  10. 
The   cyanide   pot  a  is  lo- 
cated   in    the    furnace    b, 
which    is    heated    by    gas 
burners  c  on  each  side  of 
the    furnace.      The    holes 
closed  by  the  blocks  d,  d 
are    for   lighting   the    gas 
or  for  observing  the  tem- 
perature of  the  pot.     The 
hood  /  is  placed  over  the 
furnace  so  that  the  fumes 
will  be  carried  up  the 
chimney. 

The  pieces  to  be  hard- 
ened are  dipped  into  the 
cyanide  bath  and  left  until 
they  have  attained  the  tem- 
perature of  the  bath  and 
also  have  had  opportunity 
to  absorb  the  desired 
amount  of  carbon.  They 
are  then  removed  and 
dipped  into  a  suitable  hardening  bath;  cold  water  is  generally 
employed  for  this  purpose.  If  too  hard,  the  temper  can  be 
drawn  just  as  in  the  case  of  ordinary  carbon  steel. 

As  potassium  cyanide  is  extremely  poisonous,  great  care 
must  be  taken  in  handling  it;  the  absorption  of  a  very  small 
quantity  through  cuts  in  the  hands  may  have  a  fatal  effect; 
in  fact,  lump  cyanide  should  be  handled  with  the  bare  hands 


FIG.  10 
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just  as  little  as  possible.  After  melting  the  cyanide,  care 
should  be  taken  not  to  inhale  the  fumes,  as  they  are 
extremely  poisonous,  and  not  to  allow  any  of  the  hot 
material  from  the  bath  to  be  thrown  or  i  on  the 

operator,  as  it  will  cause  seru.  tinful  bu: 

•hat  require  a  mottled  blu«  that  will  be 

hard  enough  to  resist  wear  fairly  well  are  sometimes  > 

cned  by  placing  them  on  a  hook  on  the  end  of  a  steel 
rod  and  dipping   them   into  molten   potassium    cyanidt 
about  2  minutes,  or  until  they  are  cherry  red.     They  are  then 
quenched  in  water,  giving  them  a  jerky,  up-and-down  m. 
the  first  dip  carrying  them  barely  under  the  surface,  and  each 
succeeding  one  deeper.     This  results  in  an  irregular  coo 
accompanied  by  slight  oxidation  of  the  surface,  which  ; 
the  desired  mottled  effect.     The  cooling,  however,   should 
be  sufficiently  quick  and  uniform  to  prevent  setting  up  sei 
internal  stresses  in  the  metal. 

18.       llanlcnlnir     Tool*     With      r<»t:i*»*»mm     C\;miuV. 

As  a  rule,  dies,  cutting  tools,  engravers'  pi  hardened 

in  potassium  cyanide  must  be  heated  somewhat  longer  than 
pieces  tn  :nply  hardened  to  obtain  a  surface  that  will 

resist   wear.     The  temperature    of    the    hardening    bath    is 

ily  from   1,650°  F.  to  1,830°  F.     Ordinarily,   from 
.")  minutes  is  a  sufficient  length  of  time  to  leave  a  piece  in  the 
cyanide.     Some  classes  of  work  a  »oling  in 

lard  oil.     One  method  especially  useful  in  hardening 
that    •  lirly   hard    surface,  but    n 

•       :ngs, 

is  to  heat  in  •  'hen  cool  in  lard  oil  to  a  tem- 

perature of  about  525°  F.,  and  th  e  to  cool 

in   water.     T:  Hiite 

thoroughly,  yet  will  leave  it  in  such  a  condition  that   i; 
be  straightened. 

Potassium   cyanide    cair-  it    is 

plunged  into  the  bath,  leaving  a  cleaji  si  that  the 

hardens  very  quickly.     Because  - 
sium  cyanide  is  not  considered  as  good 
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for  case-hardening  work  having  sharp  corners.  The  prus- 
siate  of  potash  forms  a  scale  that  does  not  allow  the  water 
to  act  as  quickly  as  it  otherwise  would,  thus  protecting  the 
steel  when  it  is  first  plunged  into  the  bath;  the  prussiate  of 
potash  forms  slight  deposits  in  corners  at  the  roots  of  teeth, 
and  thus  protects  them  from  the  first  influence  of  the  cooling 
bath.  Advantage  of  this  effect  is  taken  frequently  in  making 
slender  milling  cutters  from  low-carbon  steel.  This  method 
is  frequently  employed  also  in  hardening  pieces  of  high- 
carbon  steel,  since  the  prussiate  of  potash  protects  the 
corners  of  delicate  tools. 

19.  Localized  Case-Hardening. — Frequently,  it  is 
desirable  to  harden  some  parts'  of  an  object  and  leave  the 
balance  soft,  as,  for  instance,  to  harden  the  centers  at  the 
ends  of  an  arbor  or  a  cutter  bar;  this  may  be  accomplished 
by  heating  the  piece  to  a  dull  red,  applying  potassium  cyanide 
to  the  centers,  returning  the  work  to*  the  fire,  heating  to  a 
red  heat,  and  then  cooling  in  water.  When  the  centers  are 
to  be  hardened,  it  is  best  to  take  the  piece  with  the  tongs 
and  plunge  it  into  the  bath  with  the  center  up,  but  with  a 
jet  of  water  from  a  tap  or  from  a  hose  to  play  on  the  upper 
end  of  the  arbor,  so  that  the  water  will  enter  the  center  and 
harden  it  throughout.  When  the  center  is  plunged  down, 
the  end  of  the  arbor  may  be  hardened  somewhat,  but  a  steam 
pocket  generally  forms  in  the  center  itself  and  prevents  its 
hardening  properly. 

Sometimes  carbon-steel  tools  are  heated  in  a  cyanide  bath 
before  hardening.  It  is  probable  that  the  cyanide  adds  very 
little  carbon  to  this  class  of  steel,  but  it  effectually  prevents 
the  decarbonizing  of  the  surface,  and  in  the  case  of  tools 
that  have  been  forged  or  subjected  to  heat  treatment  with- 
out subsequent  removal  of  the  surface  metal,  the  cyanide 
undoubtedly  serves  to  recarbonize  the  surface  steel  that 
lost  some  of  its  carbon  in  the  previous  operations.  This  is 
especially  true  in  the  case  of  such  tools  as  scrapers. 


53B— 31 
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CASE-HARP  KM  NO    WORK     WITHOUT    COLORS 

20.  Hardening  Small  Work. — When  it  is  desired  to 
produce  a  hard  surface  on  the  work,  rather  than  a  mottled 
appearance  or  certain  special  colors,  the  following  proce- 
dure is  all  that  is  necessary:  The  work  should  be  packed 
in  granulated  raw  bone  in  suitable  boxes,  first  placing  in  the 
bottom  of  the  box  a  layer  of  bone  at  least  two-thirds  as  thick 
as  the  work.  For  instance,  for  screws  I  inch  in  diameter 
and  smaller,  a  a-inch  layer  of  granulated  bone  should  be 
put  in  the  bottom  of  the  box,  and  on  this  alternate  layers 
of  the  work  and  bone,  care  being  taken  that  no  two  pieces 
touch  each  other  and  that  none  comes  within  i  inch  of 
the  sides  of  the  box.  When  the  box  is  filled  to  within 
li  inches  of  the  top,  it  should  be  given  a  thin  layer  of 
bone,  and  the  balance  of  the  space  filled  with  bone  tha; 
been  used;  the  cover  should  then  be  put  on  and  luted  with 
clay.  After  the  luting  has  had  time  to  dry,  the  box  should 
be  put  into  a  furnace  and  heated  for  from  M  to  4  hours,  for 
work  of  the  size  mentioned,  provided  that  it  is  packed  in 
moderately  small  boxes,  as,  lor  instance,  boxes  measuring 
4  in.  X  4  in.  X  8  in.  on  the  inside. 

In  heating  any  work  for  case-hardening,  it  is  necessary  to 
use  a  box  proportioned  to  the  size  of  the  work,  for  if  very 
small  work  is  packed  in  a  large  box,  it  will  take  several  hours 
for  the  heat  to  penetrate  to  the  center  of  the  box;  and  as  a 
consequence  the  work  around  the  outside  of  the  box  may  be 
case-hardened  very  deeply,  while  that  in  the  center  has  had 
practically  no  opportunity  to  absorb  carbon,  and  hence  will 
be  soft.  If  it  is  necessary  to  pack  small  work  in  a  large 
box,  it  should  be  placed  around  the  outside  of  the  box  and  a 
layer  of  bone  put  between  the  work  and  the  walls  of  the  box, 
and  then  several  rows  of  the  work  surrounded  by  raw  bone, 
the  center  of  the  box  being  filled  with  spent  or  old  1 

After  the  box  has  been  heated  a  sufficient  length  of  time, 
the  entire  contents   may    be    thrown    into  clear,  cold, 
water.     Delicate  pieces  should   be  dropped  into  oil.     The 
tank  into  which  the  work  is  thrown  should  be  of  sufficient 
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depth  to  insure  the  thorough  cooling  of  the  work  before  it 
reaches  the  bottom. 

21.  Case-Hardening  Large  or  Hr.-ivy  Work.— To 
case-harden  pieces  of  steel  3  inches  or  more  in  diameter  or 
thickness,  the  work  should  be  surrounded  by  at  least  Ij  to  3 
inches  of  raw  bone  and  heated  to  a  bright  orange  for  18 
hours;  it  should  then  be  plunged  into  cold,  running  water  or 
into  salt  water.  Large  work  of  this  kind  is  usually  removed 
from  the  packing  box  and  plunged  separately,  while  in  the 
case  of  small  work  the  entire  contents  of  the  box  are  dumped 
into  the  hardening  bath.  When  an  extra  depth  of  case- 
hardening  is  required,  the  pieces'  may  be  heated,  as  already 
mentioned,  and  allowed  to  cool  in  the  box;  they  should  then 
be  removed,  repacked  in  fresh  bone,  and  heated  again  as 
before,  and  then  plunged  into  cold  water. 

When  a  fine-grained,  hard  surface  is  required,  the  work 
is  sometimes  carbonized  and  allowed  to  cool  in  the  packing 
box.  It  is  then  reheated  carefully  to  the  lowest  temperature 
at  which  it  will  harden  properly  when  plunged  into  the  cool- 
ing bath.  This  has  the  effect  of  refining  the  steel,  as  in  the 
case  of  high-carbon  steel.  The  temperature  at  which  the 
steel  absorbs  carbon  in  the  case-hardening  box  is  usually 
well  above  the  temperature  at  which  the  carbonized  steel 
should  be  hardened.  If  the  steel  is  hardened  at  the  temper- 
ature at  which  it  is  carbonized,  the  surface  will  have  a  rather 
coarse  crystalline  structure;  hence,  it  must  be  reheated  to 
obtain  a  fine-grained,  hard  surface. 

Special  care  is  required  in  packing  and  case-hardening 
large,  flat  pieces  to  prevent  their  warping.  Disks  2  feet  in 
diameter  and  4  inches  thick  should  be  packed  in  round  boxes 
that  hold  one  disk  each.  The  work  should  be  placed,  flat 
side  down,  on  a  carefully  leveled  bed  of  4  or  •">  inches  of 
the  best  granulated  bone,  and  should  have  at  least  4  inches 
of  the  bone  packed  on  top  and  around  it.  Some  steel 
workers  prefer  to  place  a  thin  layer  of  charred  leather  next 
to  the  work  to  prevent  scaling,  but  this  is  not  necessary. 
After  packing,  the  cover  should  be  luted  on,  and  the  box 
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heated  to  a  cherry  red  for  from  8  to  10  hours  from 
the  box  is  thoroughly  heated  through.     After  the  box 
been  removed  from  the  i  lie  pieces  should  be  taken 

out  and  placed  edgewise  in  the  hardening  bath;   this  bath 
should  be  large  enough  to  chill  the  work  quickly  and  should 
be  provided  with  a  supply  of  flowing  water.     In  h 
large,  flat  pic  to  be  observed: 

plenty  of  bone  should  be  ^econd,  the  piece 

be  heated  to  a  bright  >  •.••!;  third,  the  pieces  should  be 

dipped  edgewise  into  the  coolr  :   and  fourth,  plenty  of 

water  should  be  used  and  the  water  should  be  kept 


22.       l'nMlin-1  icm    of    Soft     SpOtfl    in    r:i^«-II:i  nh-iii  n  - 

Work.  —  Frc  -pieces   of   work    : 

openings  -hat  must  be  left  soft  ting, 

drilling,  or  for  other  operations.     When   this  is   the 
the  work  may  be  packed  in  the  ordinary  manner,  heatc- 
the   proper   length   oi  .'.lowed    to   remain   in   tin- 

boxes   until   cool.  "lie   in    annealing-      When 

the  v  ->ved  from    the    boxe  11  be 

soft,  though  irbonized,  the  depth  of  carbo: 

tion  depending  on  the  time  the  steel   remained  in  the  fur- 
nace.    Ti  must   then  1: 

ce    removed    by   machining    or    li  is    rem< 

the  portion  of  the  steel  containing  carbon,  and  g  the 

low-carb'  which    will    not    harden    under    subsequent 

hardening  temj)erature.  and  plunged  into  water,  as  in  ha- 
ing  the   work   from   the   bath,    it 

will  be  found  that  the  outer  surf.;  lining  tl; 

been  h  while  po  -m  which   the  carbon- 

ized   outer    surfaces    were    remo\  n    be 

•ii   in  any  manner  desired.      The 
irts  to  !)• 

; 
subjected  to  the  carbo:  process. 

The  ca  ct  may  also  be  1 

either  copper-  or  nickel-plating  the  work,  and  then  removing 
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the  copper  or  nickel  from  the  portions  to  be  hardened  and 
leaving  the  plating  on  the  portions  that  are  to  be  soft,  the 
plating  serving  to  prevent  the  carbon  from  entering  the 
steel  where  it  is  to  be  soft.  The  pieces  are  then  packed  in 
boxes  and  heated  in  the  ordinary  manner,  and  when  plunged 
it  will  be  found  that  the  exposed  parts  are  hard,  while  all 
parts  protected  by  the  plating  are  soft  and  can  be  machined 
as  easily  as  before  subjection  to  the  case-hardening  process. 

23.  Production  of  Hard  Spots  In  Work. — If,  when 

work  is  packed  in  any  material  for  case-hardening,  it  is 
desired  to  make  some  spot  extremely  hard,  a  small  piece 
of  potassium  cyanide  or  prussiate  of  potash  may  be  put  on 
that  spot  when  packing  the  piece  in  the  bone.  It  is  well 
to  have  a  small  iron  spoon  for  handling  the  'cyanide  for  this 
purpose. 

24.  Use  of  Old  Bone. — After  emptying  the  case-hard- 
ening pots  into  the  cooling  bath,  the  bone  may  be  separated 
from  the  work  and  thoroughly  dried.     As  long  as  it  is  black 
after  use,  it  still   contains  carbon,  and  hence  can  be  used 
again,  though  it  is  best  to  mix  the  old  bone  with  some  new. 
About  one  part  of  new  bone  to  two  parts  of  old  is  a  common 
mixture;  as  the  new  granulated  bone  is  white,  and  the  old, 
partly  burned  bone  is  black,  the  mixture  of  the  two  will  result 
in  a  gray  color.     For  small  work,  a  dull  gray,  that  is,  two  or 
three  parts  of  old  bone  to  one  of  raw  bone,  may  be  used. 
For  larger  work,  a  light  gray  should  be  used,  sometimes 
containing  equal  parts  of  old  and  new  bone,  and  sometimes 
less  than  half  old  bone.     A  little  experience  will  indicate  the 
proper  proportion  of  old  and  new  bone  to  use  for  this  work. 
Constant  burning  will  finally  reduce  the  bone  to  a  white  ash 
that  is  valueless  for  case-hardening.     As  a  rule,  the  bone  is 
used  until  it  begins  to  look  gray,  then  it  is  discarded  for  case- 
hardening,  but  is  used  for  packing  work  for  annealing;  the  very 
small  amount  of  carbon  it  contains  will  prevent  steel  from 
being  decarbonized  during  the  annealing  process.     Some- 
times bone  that   has  been  entirely  spent,  that  is,  burned 
white,  is  used  for  packing  work  for  annealing. 
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25.     T«  Utah-.,   <>r   iii.M»Mi..rs.— To  judge  the  condi- 
tion   inside  of    the  case-hardening:  or  annealing  box,  tell- 
tales, or  1  in  n< -JUMPS,  are  often  used.     These  are  pieces 
of  wire  introduced  through  holes  drilled  in  the  top  01 
box  and  allowed  to  extend  through  the  bone,  between  t lie- 
work,  clear  to  the  bottom  of  the  box.     These  pieces  of 
should  project  from  the  top  an  inch  or  so,  and  when  the  box 
has  been  in  the  i  >me  time  one  piece  is  withdrawn. 

and  if  it  shows  a  uniform  red  throughout,  the  work  is 
timed  from  this  point.  If  the  middle  of  the  wire  is  still 
black  or  dull  red,  another  is  drawn  later,  and  this  oper 
is  repeated  until  the  interior  of  the  box  is  found  to  be  <>: 
desired  color.  After  having  tested  the  different-sized  boxes 
in  this  way  a  few  times,  the  operator  will  be  able  to  judge 
the  time  correctly.  Sometimes  the  telltale  is  used  also  to 
judge  the  depth  of  case-hardening;  in  such  a  case  it  should 
be  a  rod  about  i  inch  in  diameter  and  made  of  the  same  kind 
of  steel  that  is  to  be  case-hardened.  The  rod  should  be 
withdrawn  quickly,  quenched  in  water,  and  then  broken 
to  observe  the  depth  to  which  the  work  has  been  hardened. 


CASE-HARDENING    FOR    COLOR 

26.  Packin-  Work  to  Obtain  Colors. — By  case-hard- 
ening, a  beautiful  mottled  appearance  may  be  obtained  on 
the  work.  To  obtain  this  mottled  effect,  the  work  must  be 
packed  in  material  absolutely  free  from  grease  or  oil.  The 
work  itself  must  also  be  free  from  grease  or  oil.  To  char 
the  bone  for  removing  the  grease,  it  may  be  put  into  boxes 
say  9  in.  X  9  in.  X  36  in.,  covered,  and  placed  in  th- 
at night  after  the  work  is  withdrawn.  The  heat  remaining 
in  the  furnace  will  be  sufficient  to  char  the  bone  during  the 
night.  If  there  is  much  fire  left,  it  will  he  necessary  to 
draw  part  of  it,  as  the  object  is  simply  to  char  the  bone, 
but  not  to  burn  it,  thereby  eliminating  all  grease.  If 
small  boxes  are  used,  they  must  be  watched  so  that  they 
may  be  removed  from  the  furnace  just  when  the  bone  is  all 
charred. 
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After  a  supply  of  charred  bone  or  charred  leather  has  been 
provided,  the  work  should  be  packed  in  boxes,  using  this 
material  just  as  the  raw  bone  is  used  for  packing  ordinary 
work.  The  work  should  then  be  brought  to  a  red  heat  and 
held  there  for  from  2  to  4  hours.  To  get  a  good  color,  the 
heat  must  be  held  uniform;  if  the  work  is  heated  too  hot 
there  will  be  no  color.  A  cherry-red  heat  gives  good  results, 
although  with  small  work  a  somewhat  lower  temperature 
may  give  the  desired  results.  In  packing  work  to  obtain 
colors,  various  mixtures  of  packing  material  are  frequently 
used,  as,  for  instance,  charred  bone  and  wood  charcoal. 
Sometimes  charred  leather  is  mixed  with  one  or  both  of 
the  above  ingredients.  When  case-hardening  for  color,  no 
attempt  is  made  usually  to  harden  the  work  to  any  great 
depth,  the  requirements  being  a  hard  but  thin  surface  and  a 
good  color. 

27.  Cooling  Work  to  Obtain  Colors. — While  good 
colors  are  sometimes  obtained  by  quenching  in  rather  hard 
water,  it  is  nevertheless  best  to  use  soft  water.  Some  pro- 
vision should  be  made  for  circulating  the  water  in  the  bath; 
this  is  usually  accomplished  by  arranging  the  inlet  pipe  so 
that  the  water  will  be  discharged  upwards  from  the  bottom 
of  the  tank  in  a  series  of  jets.  The  inlet  pipe  may  also  be 
arranged  so  that  the  water  will  enter  the  bath  at  the  bottom, 
where  it  is  mixed  with  compressed  air,  which  escapes 
upwards  in  a  series  of  bubbles.  A  sieve  or  grating  should  be 
hung  at  such  a  distance  from  the  top  of  the  bath  that  the  work 
will  be  thoroughly  chilled  before  it  comes  to  rest  on  it,  and 
the  meshes  of  the  sieve  should  be  large  enough  to  allow  the 
burnt  bone  to  pass  to  the  bottom  of  the  tank.  It  is  abso- 
lutely necessary  to  have  running  water  in  the  tank  if  large 
amounts  of  work  are  to  be  thrown  into  it.  After  the  work 
has  been  thoroughly  heated,  the  box  is  brought  from  the 
furnace  to  the  bath,  the  cover  removed,  the  box  held  close 
to  the  surface  of  the  water,  and  the  work  poured  in.  This 
operation  must  be  performed  quickly  and  carefully  to  pre- 
vent the  air  from  acting  on  the  steel  before  it  reaches  the 
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water.     At  the  same  time,  with  large  box 

;   be  taken  not  to  clump  in  the 
for,  under  sue  '.stances,  much  of  the 

the  sieve  without  being  chilled,  and  hence  would  not  be 
hardened  to  the  desired  degree. 

28.  I'h-aiiiiiir  Work. — The  w  the 
hardening  bath  by  lifting  out  the  sieve,  or  grating,  on  which 
it  falls.     It  should  then  be  dipped  into  cle. 

after  which  it  can  be  dried  in  sawdust.  It  should  then  be 
given  a  light  coat  of  oil  to  bring  out  the  colors  and  to  pre- 
vent it  from  tarnishing. 

29.  PiMnliii'l  IILT    'IVmjM-r    <   olor-    on     <   ;i-c-II:ir.lcii«  (1 

N\  ork. —  In  producing  temper  colors  or  <-d  work. 

the   pieces   are    I:  rdened    and    then    rolled    in    a 

tumbling  barrel  with  leather  scraps  or  other  polishing:  i: 

until  the  surface  is  polished  to  the  desired  degree;   the 
pieces  may  then  be  heated  in  a  sand  bath  or  in  a  tumK 
barrel  furnace  for  drawing  the  temper  until  the  desired  color 
appears.     The  work  is  then  plunged  into  cold  water,  dried  in 

;ust,  and  oiled  slightly  to  avoid  tarnishing:.  By  doing 
the  work  in  a  gas-fired  tumbling-barrel  furnace  or  in  a 
gas-fired  air  tempering  furnace  and  noting  the  exact  time 

red,  the  desired  color  can  be  obtained  with  great  e 
ness,  it  being  an  easy  matter  to  produce  any  color  from  a 
light  >  a  deep  blue.     The  blue  pieces  will  be  some- 

what  softer  than   the  straw-colored  ones.     Sometimes 
pieces  are  placed  in  a  revolving  wire  cylinder  ovc 
fire;  this  permits  the  color  >rk  to  be  ob^  i  any 

time.     The  fire  used  for  heating  the  work  must,  of  co 
be  free  from  sulphur  or  anything  that  will  give  off  gases  that 
will  stain  the  work. 

<   \-r-n  MM. i  N  i  N«.    r«.u  M-MI  \  i 

30.  C*»e-H*rdenlnff Boxes,  -The  bo 

in  ca  k  are  gei 

several 
very    good   desifc  ially   for   small    work.      i 
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made  with  legs  a  a  little  over  an  inch  high  so  that  the 
flame  will  circulate  under  as  well  as  over  the  box,  and  heat 
it  uniformly.  The  boxes  have  a  rib  b  around  the  lower  edge 
to  engage  a  fork  c  that  is  used  to  handle  them.  Large 
boxes  are  seldom  made  with  a  rib,  but  are  handled  with 
tongs  or  with  some  form  of  fork  that  passes  under  the 
bottom,  of  the  box.  For  ordinary  work,  the  boxes  vary 
from  about  4  inches  square  by  4  inches  deep,  up  to 


FIG. 11 


12  in.  X  14  in.  X  16  in.,  though  for  special  work  they  are 
frequently  made  12  or  14  inches  wide  and  deep  by  4£  feet 
long.  Wrought-iron  or  steel  boxes  made  of  i-inch  steel 
plate  flanged  at  the  corners  and  riveted  together  are  some- 
times used. 

31.     Cooling  Baths  for  Case-Harden  I  iipr  Work. — If  a 

large  amount  of  case-hardening  work  is  to  be  done,  some 
special  form  of  cooling  bath,  for  use  either  with  oil  or  water, 
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is  necessary.     The  most  important  requisite  is  that  provision 
should  be  made  for  maintaining  the  bath  at  the  desired  tem- 
perature.    Two  styles  of  cooling  baths  for  use  with  dilT< 
classes  of  \\.  n   in    Fig.  12.     That  right 

tank    of   water   about  30  inclu 

diameter,  surrounded  by  a  water-jacket  in  which  an  active 
circulation  is  maintained  to  keep  the  bath  at  the  tem- 

perature.    The    work    is    brought    from    the    furnace   in   the 

ing  box  a,  placed  at  the  side  of  the  tank,  and  it. 
such  a  w  ;>our  the  work  in  a  contir  into 

the  v.  i  he  work  collects  in  a  sieve  b  suspended  in  the 

tank,  while   the  bone  through    to   the   bottom  of   the 

tank,    from    which    it    is    removed    periodically.     A  ho. 

•  rkman    from    the 

steam  and  fumes  that  rise  as  the  work  is  poured  into  the  tank. 
This  method  of  cooling  will  produce  a  very  pretty  m. 
appearance  on  the  work. 

:rface    hardening   without    the 

mottled  appearance  and  at  the-  :nc  must  :nely 

tou^l  :ied   in  a  tank  like  that  shown 

Fig.  1'J.     Tin  '  inches  in  dia:  ::  rounded 

by  a  water-jacket  through  which  th-  -.stantly  circu- 

lating to  maintain  the  desired  temperature  of  the  bath.      The 
case-hardening  pot   is  brought   from   the   furnace  and  p! 
by  the  side  of  the  bath;  the  work  is  removed  one 
a   time,  dl  into    the    bath,   and   collects   on  the    pan    <!. 

•\  all  the  work  has  been  hardened,  the  pan  is  raised  from 
the  bath  with  a  suitable  hoist,  and  the  work  allowed  to  drain, 
method  i  fairly  1; 

dark  blue  ed  so  that  it  is  remark- 
ably tough.  After  th<  time. 
they  are  rem<  rdfot  The  finish  left 
by  tfaif  method  Of  hard  <>nc  that  ;st  very  well. 

32.       Furnace     for     (  :i^«  - 1  l;i  i-.l,  n  i  ntc     \\ith     Putsch. 

The  potash  method  of  case-har  and 

gives  excellent  r«  hen  the 

amount  of   work   required   enables   the   process   to  go  on 
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continuously,  or  at  least  daily.  In  this  process,  large  fin 
tile  muffles  are  used,  the-  tile  beiny  laid  with  fireclay  m< 
Coke  :<>r  such  a  furnace  because  it  does  not 

give  off  any  soot  or  clog  up  the  i  ures.     A  fire- 

place is  so  arranged  that  the  pro*  bustion   will 

circulate  about  the  muftle  and  keep  it  at  a  uniform  tern; 
ture.    It  requires  about  2  weeks'  firing  to  get  the  nr, 
hot  all  through  and  ready  for  the  case-hardening  operation. 
A  furnace  containing  two  muffles  Q  in  Fig.  1 .".: 

incased  in  heavy,  cast-iron  plates;  the  fire-doo:  tin- 

ash-pit  door  at  b,  and  the  entrances  to  the  muffles  are 
and  </;  the  doors  are  counterbalanced  by  the  weights  f,  and 
their  movement  is  controlled  by  handles  /.  Peep-holes  g,  g 
are  arranged  at  the  front  of  the  furnace,  while  doors  //,  //  in 
the  side  are  used  both  for  observing  the  temperature  of  the 
muffles  and  for  cleaning  the  passages. 

The    muffles    are    charged    with    25    pounds     carbonate 
of   potash   and   30   pounds   bone   black,   thorough 
together,  and  then  mixed  thoroughly  with  from   l»;n  t. 
pounds  of  charcoal.     If  the  quality  of  the  potash  is  good, 
the  larger  proportion  of  charcoal  may  be  used.      The  char- 
coal should  be  in  piec<  c  of  walnuts,  and  the  p< 
like  granulated  salt,  and  not  lumpy.     This  mixture  will 
about                               it  should  be  taken  out  of  the  muffle  and 
a  nev                                 None  of  the  old  mixture  should  be 
returned  t->   the   furnace,  as  it   loses  strength  wher. 

airicd   in 

thehotmixtt:  Mould  be  entirely 

The  muffle  door  should  be  kept  cl<>  :>t  when  chai 

orinspec1  that  the  work  is  left  in  the 

muffle  de  1  the  depth  •  ning 

desired.     Small  work  reqr.  hardening  to 

while  large  work  or  hea-.  ;uire 

...-. 

A  blackboa;  .ith  suit 

able  heading 
numbers,  names  of  the  i>.  d    time  they  were  nut  in 
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and  the  time  they  are  to  be  taken  out  should  be  recorded 
with  chalk.  The  pieces  are  removed  from  the  muffle  one  at 
a  time  and  quickly  plunged  into  clear,  cold  water.  The  cool- 
ing bath  should  be  deep  enough  to  permit  the  longest  piece 
to  be  plunged  endwise.  It  is  a  good  plan  mple 

piece  of  iron  or  steel  in  the  muffle  with  the  work.    This  may 
be  removed,  quenched,  and  broken,  so  as  to  note  the  il 
to  which  the  case-hardening  has  penetrated. 


33.      CnHC-Iliirilriilnir   I  nrn:ic<     for   L'.mml    Work.— In 

shops  where  large  engines  are  built,  tin-  wristpius  and  crank- 
pins  are  frequently  case-hardened,  so  as  to  reduce 
much  as  possible;    there  are  also  many  other  large  pi:. 
short  shafts  that  D  ise-hardened  to  a 

of  this  character  i  -;i<m; 
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this  necessitates  the  construction  of  a  special  case-hardening 
furnace,  together  with  special  pots  and  lifting  devices.  A 
furnace  for  this  class  of  work  is  shown  in  perspective  in 
Fig.  14  and  in  cross-section  in  Fig.  15.  It  has  a  cast-iron  shell 
0,  If  inches  thick,  42  inches  outside  diameter,  and  41  inches 
high,  a  firebrick  lining  4i  inches  thick,  and  a  clay  bottom 
covered  with  firebrick.  The  cover  b  is  a  ring  casting  6  inches 
high,  having  pins  or  projections  cast  on  the  inside  to  hold 
the  fireclay  filling  in  place;  it  is  supported  by  four  arms  c,  c, 


FIG.  15 


Pio.  16 


at  the  outer  end  of  each  of  which  is  a  roller  that  runs  on  the 
steel  tracks  d,  d.  The  frame  supporting  the  tracks  d,  d  can 
be  adjusted,  by  a  screw  at  c,  so  that  the  cover  just  clears  the 
furnace.  The  pot  /  is  lowered  into  the  furnace  by  a  special 
three-pronged  lifting  device  shown  in  Fig.  16.  The  three 
hooks  at  the  end  of  the  prongs  0,0  are  forced  under  the 
bottom  of  the  pot  by  the  conical  piece  p  attached  to  the  lifting 
device  at  the  top,  as  shown.  The  pots  are  16  inches  inside 
diameter  and  are  30  inches  high.  They  are  covered  with  a 
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round  plate  luted  ireclay.     Only  one  piece  of  wo: 

Fig.  laced  in  the  pot  at  a  time.     T he- 

rounded  by  several  inches  of  granulated  bone  or  some 
bonaceous  mixture.     The  furn.ue   is  heated  by  a 
burner  £•,  Fig.  14,  the  flame  from  which  circulates  around  the 
pot.     The  pot  stands  on  t 

it    an   opening   connects  with  r  the 

furnace  and  up  one  side;  this  pipe  should  «  or  4  feet 

above  the  top  of  the  fur; 

• 
gases.     When  an   extra  depti 

ng     is     d  the 

K  is  left  in  the  p  fur- 

nace   21    hours,    then    allowed   to 
cool,   re:  i   in 

.:.    It  is  t.  ned 

to  th  -for  allot  '.irs' 

large  pins  is  <-s  continued 

for  40  hours.    To 
man  to  observe  the 
of    the   pot,  peep  pro- 

•-1   in  the  the  furnace, 


•  II.       ^  |  M  •  ( •  i  :  i  I      I )  i  •  \  i  ,  • ,  >     for 
«Jii«-ii«-liiiiii-  Work.       For  cooling 

crankpin 

rangemcnt    shown    in    Fig.    1. 

oi     an    outer 


I  ••;..     17 


casing  b,  within  which   is   a    lu  inch  pipe  a  perforated  with 
TV-inch  i  The  outer  ; 

provided  with  a  nozzle  /    through  whk:  .1  by 

a  hose  attached  to  a  hy. 

The  work  e  \  case-hardening  pot  by  an 

bolt,  as  shown.     It  is  then  lowered  into  the  cooling 
and  the  water  turned  on  so  as  to  strike  every  point  of  the 
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surface  in  a  series  of  jets,  the  waste  water  flowing  away 
through  an  opening  in  the  bottom. 

35.  Gas-Fired  Case-HaiMicnln^  runia<-c».— When  a 
moderately  small  amount  of  case-hardening  is  to  be  done,  a 
furnace  of  the  form  shown  in  Fig.  18  will  be  found  very 


FIG.  18 

useful.  This  furnace  has  a  series  of  gas  burners  a,  arranged 
along  each  side,  below  the  bottom  plate  b  of  the  furnace.  The 
products  of  combustion  rise  around  the  outer  edges  of  this 
plate,  on  which  the  case-hardening  box  containing  the  work  is 
placed,  and  escape  through  the  openings  c,c.  The  opening  * 
is  closed  with  a  fire-clay  plug  d,  supported  in  the  door. 

53B— 32 
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BLUING  STEEL 


lU.riN(.      \\1IH       \      MO  \IH 

36.  It  is  frequently  desirable  to  produce  on  iron  or  steel 
a  blued  s  ->  not  only  ornamental,  but  th 

rust.     One  method  of  doing  th 

iron  pot  of  sufficient  size  is  set  in  the  top  of  a  brick  furnace 
and  heated  with  a  hard  coal  or  coke  fire  beneath  it,  or  with 
a  gas  or  oil  flame.  The  pot  is  nearly  filled  with  a  mix- 
ture of  ten  parts  of  niter  and  one  part  of  black  oxide  of  man- 
ganese, which  is  maintained  at  a  temperature  just  below  a 
black  heat,  the  temperature  being  gauged  by  occasior 
throwing  a  little  :  lust  on  the  surface  of  the  in- 

mixture.     When  the  temperature  is  ri-ht,   the  sawdust  will 
take  fire  in  a  few  seconds,  but  will  not  flash  into  -itly. 

The  manganese  does  not  melt,  and  the  mixture  must  best 
with  an  iron  rod  just  before  dipping  the  work  for  bluing. 

The  pieces  of  work  are  placed  in  a  wire  basket  and  lowered 
into  the  hot  mixture;  the  basket  is  moved  up  and  down  in 
the  mixture  a  little  to  observe  the  color,  which  should  be 
right  for  small  work  in  tiom  1  to  2  minutes.  As  soon  as 
the  desired  color  is  obtained,  the  1  th  its  conten 

lowered  into  a  tank  containing  a  hot  solution  in  which 

moved  up  and  do  v  Mimes.     Itistlx 

to  a  tank  '.ing  water,  again  moved  up  and  down 

to  wash  it  thoroughly,  and  lifted  from  the  when  the 

heat  in  the  work  will  dry  it  quickly. 


I'.l    I    IN(.       PO1    I-MI    l>      -  I   III. 

37.     Steel  articles  may  be  blued  by  them  in  hot 
sand.     They  can  also  be  blued  by  phu 

boxc  t  they  can  be 
tilted  from  side  to  side,  so  as  to  cause  the 

or  slide  about.     ;  the 

articles  until  the  desired  color  is  obta  i  en  the  work 
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is  quickly  removed  and  allowed  to  cool  in  the  air.     With 
care,  very  beautiful  colors  may  be  produced  in  this  manner. 
A  sand-drawing  furnace  arranged  to  shower  hot  sand  over 
the  work  may  also  be  used  for  bluing  steel. 


HAMMER  WORK 


POWER  HAMMERS 


BEAM   POWER  HAMMERS 

1.  Definitions. — A    power   hammer    is    one   that   is 
operated  by  a  belt  driven  by  a  shaft,  and  not  by  a  direct-con- 
nected steam  cylinder;  the  latter  is  called  a  steam  hammer. 
Power  hammers  are  classified,  according:  to  the  manner  of 
striking  the  blow,  as  helve  hammers,  which  have  very  large 
handles,  or  helves;  trip  hammers,  which  trip  from  a  cam; 
and  drop  hammers,  which  are  lifted  and  allowed  to  drop. 

2.  Trip  Hammers. — One  of  the  earliest  forms  of  power 
hammer  was  the  trip  hammer  with  a  large  helve,  as  shown 
in  Fig.  1.     It  consisted  of  a  beam,  or  helve,  a,  supported 
near  one  end  by  trunnions  /.     The  shorter  end  was  covered 


Fio.l 

by  a  metal  strap,  or  shelly,  and  to  its  longer  end  was  attached 
a  weight  b  for  a  hammer  head.  To  this  was  keyed  the  ham- 
mer face  c,  while  the  anvil  face  d  was  keyed  to  the  anvil  c. 
A  toothed  wheel  i  was  so  mounted  on  the  power  shaft  h  that 
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the  teeth,  or  cams,  came  into  contact  with  the  shorter  end  of 
the  beam  and  depressed  it,  th  Burner  b.     As 

soon  as  the  c  ;>ed  from  the  beam,  the  hammer  b  fell 

and  struck  the  work  on  the  anvil.     These  hamn 
run  quite  rapidly,  yet  compared  with  modern  hammers  they 
.ed  slowly.     The  ar  of  the  cum  parts,  the  large 

floor  space  occupied,  the  :  lion,  and  the  lack 


of  control,  have  caused  this  style  of  hammer  to  be  al- 

wholly  displaced  by  i:  -lern  types. 

foot-Operated  H:MIMIHT.       hi     small     blacksmith 

shop  'le  to  keep  a  helper  for  doing: 

the  heavy  striking  nirin^  heavy  stril 

intermittent  t  ilt  to  keep  the  helprr  busy 

for  the  remainder  of  t  -his  reason  the  foot-power 
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hammer  shown  in  Fig.  2  was  invented.  It  consists  of  a 
heavy  sledge  a  hung  with  a  suitable  controlling  median: 
of  springs  and  levers,  arranged  in  such  a  manner  that  it 
be  brought  down  on  the  work  by  pressing  down  the  lever  b. 
The  spring  c  holds  the  hammer  in  its  upper  position,  while 
the  spring  d  transmits  the  pressure  of  the  foot  to  the  hammer 
handle.  The  tension  in  the  springs  can  be  regulated  by 
moving  the  hook  to  the  different  holes  e,  or  the  clevis  to  the 
different  holes  /.  The  position  in  which  the  sledge  strikes 
on  the  face  of  the  anvil  can  be  controlled  by  a  lever  near  the 
horn  of  the  anvil,  which  is  not  visible  in  the  illustration. 


FIG.  3 
4.     Rubber-Cushioned     Helve     Hammers.  —  As     the 

general  defects  of  the  trip  hammer  have  long  been  recog- 
nized, the  many  attempts  made  to  correct  them  have  resulted 
in  a  great  many  types  of  forging  hammers.  Where  a  large 
number  of  rapid  blows  are  to  be  struck  on  work  that  is 
being  considerably  reduced  in  size  as  it  is  being  hammered, 
some  form  of  elastic  support  should  be  provided  for  the 
hammer  head.  A  wooden  beam  has1  been  found  to  serve 
this  purpose  remarkably  well,  and  is  used  in  a  great  many 
power  hammers;  mothers,  rubber  cushions  are  used.  Fig.  I 
shows  a  modern  hammer  of  this  class.  The  beam  and 
hammer  resemble  those  shown  in  Fig-  1,  l>»t  the  power  is 
transmitted  by  belt  instead  of  by  cams.  In  this  case,  the 
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beam  /,  carrying  the  hammer  head  h,  is  operated  by  an 
eccentric  de\  :  moves  the  rubber  cushion  r  up 

down.     When  the  eccentric  throws  the  up,  it  i 

the  right-hand  end  of  the  beam,  compressing  the  rubber 
buffers  r,^.  As  the  eccentric  causes  the  rubber  buffer 
descend,  the  hammer  falls  not  only  by  its  own  weight,  but 
also  because  of  the  elasticity  of  the  buffers  r,  d.  The  use  of 
these  rubber  buffers  makes  the  action  of  the  hammer  posi- 
and  quick,  and  causes  it  to  do  much  better  work.  The 
position  of  the  hammer  IK  n  to  the  anvil  is  con- 

trolled by  the  lever  /•,   that  is,  the  1  m  be  sir 

lengthwise   by   this   lever.     When    the   hammer    is    not    in 

operation,  the  belt  b  runs 
loosely  about  the  pulley  a, 
without  causing  it  to  turn. 
When  it  is  desired  to  start 
the  hammer,  the  pre^ 
of  the  foot  on  the  treadle  / 
gfl  the  tightening  pul- 
ley  d  into  contact  with  tin- 
belt,    taking   up   the    slack 
and  causing  the  pulley 
turn  and  operate  the  ham- 
mer.    When  the  treadle  / 
is    released,    a    bra'-. 
automatically  applied  to  the  driving  shaft  and  the  hamn 

:itly  stopped.     The  parts  are  so  arranged  that  the  ham- 
mer always  stops  at  the  upper  point  in  its  stroke. 

The  anvil  should  be  mounted  on  a  separate  foundation 
of  the  hammer  will  not  have  a  t> 

ency  to  break  the  frame  of  the  hammer,  and  also  so  that  the 
upper  and  lower  dies  can  be  kept  in  line.  In  the  hammer 
shown  in  Fig.  3,  the  anvil  tred  to  the  hammer  frame 

by  straps,  while    bol;  ;:h  lugs   are  used  in   the 

shown  in  Fig.  •!,  the  anvil  block  a  being  secured  to  the  f: 
by  bolts  b.    A  layer  of  packing  composed  of  wood  or  fil  - 
placed  between  the  frame  and  the  anvil  block  as  shown  at  r, 
and  the  nuts  screwed  on  and  tightened. 
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GUIDED  POWER  HAMMERS 

5.  Upright  Helve  Hammer. — In  order  to  keep  the 
dies  of  the  hammer  in  line  more  perfectly  than  is  possible 
with  the  ordinary  style  of  helve  hammer,  various  styles  of 
hammers,  in  which  the  hammer  dies  are  guided,  have  been 
brought  out.  In  some,  wooden  helves  are  used,  and  the 
hammers  are  connected  as  shown  in  Fig.  5;  in  others,  steel 


FIG.  5 

helves  terminate  in  bows  from  which  the  hammers  are 
hung  by  straps  or  by  spring  connections.  The  former  are 
called  upright  helve  hammers,  and  the  latter  strap 
hammers.  The  strap  hammers  are  especially  suitable  for 
the  smaller  sizes,  as  they  give  a  very  flexible  connection, 
suitable  for  fast  running.  In  the  case  of  the  helve  hammer 
illustrated  in  Fig.  5,  the  anvil  carrying  the  lower  <!i- 
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supported  on  a  separate  foundation  from  that  which  supj 
the  hammer  frame.     The  hammer  dies  a,  b  are  held  in  ; 

i  \r,i.i     i 

CAl'\(ii\     OF    RUBKi  i:-(  i  MHOS 1  i\  1      H  \MMII;- 


Weight  of 
Hammer 
Pounds 

Average  Number 
per 
nta 

Average 
Iron  for  Which 

Inches 

matt 

Required 

15 

435 

1 

ito    \ 

25 

400 

I 

i  to  i 

40 

300  to  315 

li 

ii  to  2 

60 

290  to  300 

I* 

2      tO  2\ 

80 

275 

2 

2*  to  3 

100 

275 

2* 

2*  to  3 

200 

225  to  240 

3*  to  4 

3    to  3* 

TABUD    n 

CAPA(  ri  v    or    <  i  ^moM  i>    ri'KH.HT    uri.vr 

AM*     ^  1  1C  \T      II  A  MM  I    K- 


Style  and  Weight  of 
Upright  HamnuT 

Nui: 

[roi 
itch 

Approxi- 
mate 

in  Pounds 

M  i  n  u  to 

Su" 

hes 

Ri-(]uircd 

•rap  hammer  only 

400 

*to* 

ItoJ 

30  strap  hammer  only 

350t0375 

I 

i  to  i 

50  either  strap  or  helve  hammer 

300  to  315 

H 

ii  to  2 

75  either  strap  or  helve  hammer 

300  t« 

ii 

l|  tO  2 

100  either  strap  or  helve  hai; 

ii 

2      tO  2i 

125  either  strap  or  helve  hammer 

>  300 

2 

150  either                                   nmer 

250  to  275 

2i 

2i  to  3 

200  either  strap  or  helve  hammer 

200  tO  225 

3 

300  helve  hammer  only 

to  190 

3it04 

3^  to  4 

500  helve  hammer  only 

150  to  175 

4    to  5 

5     t.x, 

with  keys  /    //.      'I  hammer  is  controlled 

by  a  loose  belt  and  tightener,  as  already  described,  and  the 


§61 


HAMMER  WORK 


parts  are  so  arranged  that  the  hammer  always  comes  to  rest 
at  the  top  of  its  stroke. 

The  power  required  by,  and  the  capacities  of,  these  ham- 
mers, as  given  by  one  manufacturer,  are  shown  in 
Tables  I  and  II.  Table  I  is  for  rubber-cushioned  helve 
hammers,,  and  Table  II  for  cushioned  upright  helve  hammers 
and  strap  hammers.  The  sizes  given  for  iron  should  be 


, 


FIG.  6 


reduced  one-third  when  applied  to  steel.  These  sizes  are 
only  approximate,  as  any  hammer  will  do  both  larger  and 
smaller  work;  they  are,  however,  the  sizes  for  which  each 
hammer  is  especially  suitable  for  continuous  service. 

6.     Forging  Hammers.— A  somewhat  different  type  of 
forging  hammer   is    shown  in    Fig.   6.     In   this   class,  the 
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operating  mechanism  is  all  at  the  top,  but  as  in  the  cases 
already  »:  •   hamnu  ttd   stopped  by 

shifting  the  tightening  pulley  /,  wh:  :h  a  foot- 

treadle  k\  when  the  hamm<  c  the  belt  ;/  runs  loose 

about  the  pulley />  withor.-  •  it  to  turn,  ami  is  tlr 

into    action  by    the  pulley  /,  whi  up    the-  slack    in 

the   belt.     The   length   of   stroke   of   the   hammer   can   be 

;  by  shifting  : 

pin  c  in  the  slot  r  of  the  crank. 
In  the  sty  .  the  hammer 

frame  surrounds  the  anvil,  so 
that  the  latter  may  be  provided 
with  a  separate  foundation  and 
still  be  in  line  with  the  ham- 
mer head  //. 

Forging   hammers    are    fre- 
quently   made    in    the    form 
shown   in   Kig.  7,   the  hammer 
head    being    hung    from    the 
helve,  or  operating  mechanism, 
by    the    bow    spring    a.     The 
helve  fulcrum,  or  trunnion 
supported  from  tl. 
the  motion  is  transmitted  t<>  the 
helve  by  a  rod  conm 
rocking  joint  ,c  with  t: 

-     that    is    on    the    shaft    </. 
The  brace  ?  supports  the  1  iking  the 

hammer   mo:  .;rcatly   increasing    it  ^ 

In  this  machine,  it  will  also  be  noticed  that   the  anvil  / 
portion  of  the  fr  ,ce  all   the  force  of  the  blow 

must    be    absorbed    by    the    work     on    the    anvil.      Tlr 
especially  advantageou  case  of  small  hammers. 
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POWER-HAMMER  WOIJK 

7.  Breaking  Down. — Power  hammers  are  frequently 
used  for  the  heavy  roughing  or  breaking  down  of  work  that 
is  finished  under  a  drop  hammer.     In  many  cases,  this  break- 
ing down  can  be  done  between  flat  dies,  as  in  the  hammer 
shown  in  Fig.  5,  while  in  other  cases  it  is  better  to  use  dies 
with  convex  or  curved  faces,  as  shown  in  Fig.  7,  which  act 
like  fullers.     If  the  work  is  round,  it  is  turned  slightly  after 
each  blow  of  the  hammer.     Rectangular  work  is  also   fre- 
quently drawn  to  a  taper,  between  either  plane  or  curved  dies. 
One  great  advantage  of  the  power  hammer  for  this  class  of 
work  is  that  the  blows  are  very  much  more  rapid  than  in  the 
ordinary  drop  hammer,  and  hence  the  breaking  down  can  be 
done  more  quickly.     These  power  hammers  will  be  found 
exceedingly  useful  for  work  in  an  ordinary  jobbing  blacksmith 
shop,  or  in  tool  dressing;  for  boring  tools  and  similar  pieces 
can  be  drawn  out  very  quickly  and  effectively  with  them. 

8.  Finishing  Work  Under  a  Power  Hammer. — Some 

classes  of  forcings  can  be  finished  under  a  power  hammer 
with  good  results;  an  example  is  the  eyebolt  shown  in 
Fig.  8,  in  which  a  and  b  are  views  of  the  finished  forging. 
The  hole  d  is  drilled  after 
the  forging  is  completed. 
Dies,  of  course,  are  neces- 
sary for  this  work.  First 
the  work  may  be  necked 
down,  as  shown  at  e,  using 
one  portion  of  the  dies. 
It  is  then  given  the  form 
shown  at  /,  by  means  of 
another  portion  of  the 
dies;  a  fin  will  usually 
form  on  the  end,  as  shown  by  the  dotted  lines  at  c,  but  this 
can  be  trimmed  off  by  hand  or  with  suitable  dies.  The  forging 
is  then  given  a  quarter  turn  and  the  portion  /  is  struck  a  few 
blows  between  flat  faces,  which  will  bring  it  to  the  form 


FIG.  8 
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shown  at  a  and  />.     Such  forgings  usually  do  n  ;o  be 

brought  down  to  exact  dimensions.     It  is  possible,  howt 

to  do  very  good   and   quite    teen: 

hammer.      Punches    for   making   rivet  holes    in 

such  as  boiler  plate,  may  be  forged  on  a  power  ham- 

By  using  suitable  dies,  the  punches  may  be  brought  to 

a  degree  of   perfection    that    they    will    require    very    little 

machine  finishing,  the  diameter  of  the  punch  being  forged 

to  size.     Power  hammers   are  especially  useful   in   forging 

round  work,  that    is.   work    tl  uirned  or 

between  the  dies  while  forging. 


STKAM    HAMMKKS 

9.     Strain     iiei\e     Hammers. — For    many    years    the 
heaviest  forging  hammers  \\<  ,,  or  helve,  ham;. 

directly  operated  by  steam;    the  modern  steam   hamm< 
the   natural    development    of    this    type.     A   steam-ope: 
helve   hammer   is    shown    in    Fig.   9.     The    middle   of    the 
beam  a  is  encased  in  metal  d  to  which  is  attached  a  shaft. 
or  trunnion,  e\  just  forward  of  the  trunnion  .mi  cylin- 

der /,  with   a  suitably  controlled  mechanism.     T; 
acting    under    the    piston     forces  up    the    beam,    raising    the 
hammer   head    ,.     When  the  steam    beneath    the   piston   is 
exhausted,  the  hammer  head  falls,  striking  the  blow  on  the 
work  on  the  anvil.     To  hasten  ti  o    of   the  hammer 

and  to  increase  the  energy  of  the  blow,  a  spring  timber 
mounted  in  such    a   way   that    the   back   end  of  the   beam   a 
strikes  and  depresses  it  when   the  hammer  is  in   its  u; 
most  position.      The  spring  timber  is  bent  down  and  on  its 
rebound  serves  to  start  the  hammer  downw 
The  spring  timbc;  !y  a  hickory  beam  at 

10  feet  in  length.     The  method  of  mounting  the  hammer. 
together    with    the    details    of    its    fou:  hown    in 

Fig.  0.      The  anvil   foundation   is  sepa:  the  hammer 

foundation. 

One  of  the  greatest  objectio:  m  helve  hamme- 

that  the  faces  of  the  anvil  and  hammer  air  not  parallel  when 
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the  blow  is  struck,  and  there  is  always  a  tendency  to  crowd 
the  work  outwards  or  away  from  the  bearing  of  the  beam. 
This  effect,  however,  is  slight.  Another  obi'  ,  the 

large  floor  space  occupied. 


FIG.  9 

10.  Steam  Forging  Hammer. — There  is  a  large 
variety  of  steam  forging  hammers,  as  different  styles  have 
been  designed  to  meet  different  conditions.  In  Fig.  10,  the 
hammer  head  a  carries  the  upper  die  b,  which  strikes  the 
die  c  keyed  to  the  anvil  d.  The  hammer  head  a  is  keyed  to 
the  rod  e,  which  is  connected  to  a  piston  working  in  the 
cylinder  /.  Steam  may  be  admitted  to  the  cylinder,  either 
above  or  below  the  piston,  by  a  suitable  valve  mechanism 
controlled  by  the  lever  g.  The  lever  k  operates  a  throttle 
valve  for  shutting  off  the  steam  from  the  controlling  valve 
when  the  hammer  is  not  in  use.  When  steam  is  admitted 
below  the  piston,  the  piston  and  the  hammer  are  raised. 
The  blow  can  then  be  struck  by  simply  allowing  the  steam 
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to  exhaust  and  the  hammer  to  fall.     A  very  much  harder 
blow  can  be  struck  by  admitting  steam   above  the   \ 
to  drive  it  down.     The  steam  al  the  piston 

quickly,  and  more  rapid  blows  may  be  struck. 

Among  the  special  advantages  of  the  steam  forging  ham- 
mer are  the  small  floor  space  occupied  for  a  given 
as  compared  with  the-  helve  hammer,  and  the  better  control 
of  the  blows,  and  the  position  of  the  dies  in  relation  to  • 

other.     When  the  ^ 


forging  hammer  is  not 
in  use,  the  hammei 
descends   and  rests  on 
the  lower  die. 

1  1 .  st  <*:i  iii-H  :«  in. 
JIH  r  Valve-..  1: 
hammers,  it  is  custom- 
ary to  supply  a  throttle 
valve  at  the  point  \vheie 
9  the 

valve  chest,  and  R 
trolling  valve  for  ad- 
mitting steam  to  both 
sides  of  the  piston;  this 
controlling  valve  is 
usually  some  type  of 
slide  valve,  but  a  rota- 
ting valve  is  sometimes 

.    One  an 

of  the  valves  is  shown 
in  Fig.  11.     The  throttle  valve  a  for  shutting  off  the  steam 
is  operated  by  a  lever  k,  Fig.  10.     The  controlling  v. 
in  this  case  is  a  hollow  piston  valve  b,  Fig.  1 1,  around  which 
the  steam  passes  to  the  ;  •;<!  through  which  the 

exhaust    from    the    ports  ct  d  passes  to   reach    th«- 
passage  e. 

In    the   position    shown,  ing    through    the 

throttle  a,  passing  around  tin:  controlling  valve  />,  filling  the 
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passage   /  that  surrounds  the  valve,   and  passes   through 
the  lower  port  d,  as  shown  by  the  arrows,  into  the  cylinder 
beneath  the  piston.     At  the  same  time,  the  steam  on  t< 
the  piston  is  exhausting  from  the  cylinder  through  the  p< 
which  connects  with  the  top  of  the  cylinder,  through  the 
center  of  the  valve  b  and  out  the  exhaust  passage  et  as  shown 
by  the  arrows.     The  hammer  will,  therefore,  rise  until  the 


FIG.  11 

piston  reaches  the  top  of  the  stroke,  unless  the  valve  b  is 
raised  to  close  the  passage  of  the  steam  to  the  port  d.  To 
force  the  hammer  down,  the  controlling  valve  must  be  moved 
so  that  steam  will  pass  from  /  through  c  to  the  top  of  the 
cylinder,  and  steam  from  the  other  end  will  exhaust  through 
the  exhaust  passage  to  the  outer  air. 

The  rod^,  shown  dotted  behind  the  cylinder,  is  attached  to 
the  lever  j  and,  with  link  /,  lifts  the  valve  stem  and  the  valve. 

53B— 33 
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The  valve  stem  \  i  rough  a  stuffingbox  h,  which 

vents  ste.  leaking  out  around  the  stem. 

The  rod   shown  behind   the  cylinder  in   I  i  for 

the  purpose  of  moving  tl  through 

links,   as   shown,  by  the  lever  g.     In   thi> 
lowered  in  order  controlling  valve  in  the  \ 

•  shown  at  /,  the  arrangement  being  very  much  like  that 
shown  in  Fig.  1 1 . 

111.     dun  ml    «>r   -M<-:MM    H:i  m  UMTS. — Steam   ham: 
are  controlled  either  by  hand  or  by  automatic  o>ntn 
mechanisms.      The  hammer  shown   in    Fig.    1<)  may   be 
trolled  by  the  lever g\  or  it  may  be  controlled  automatically 
by  means  of  cam  /,  which  comes  in  contact  with  th- 
piece  yon  the  hammer  head.     This  cam  < 
mechanism  and  n  -he  hammer  for  anoth  .     A 

mechanism  of  this   kind  is  placed  on  all  forging  ham: 
and  enables  the  operator  to  make  the  hammer  strike  a  series 
of  uniformly  light  or  heavy  blows  as  the  case  ma\ 
thus  operating  the  hammer  automatically.      In  the  po- 

n  in  Fig.  10,  the  valve  is  down  and  Bl 

below  the  piston;  as  the  piston  rises,  the  inclined  piece  j  will 
force  the  cam  i  to  one  side  and  reverse  the  valve,  causin: 
hammer  to  strike.      As  the  hammer  co:  n.   the  cam   / 

will  be  move<  ise  the  rod  behinc 

ng  the  valve  to  lower  and   thus  admitting  steam  1 
the  piston  to  r  hammer. 

!•"».     ^ti-:im  Drop  iiiimnifr. — One  form  of  steam  < 
hammer  is  shown  in  Fig.  1'J.     This  hammer  differs  from  the 
Steam    forge    hammer    in    that    the    head   n   m< 
adjustable  guides  b.     Another  point  of  dift  that  the 

anvil  c  and  the  frame  of  the  hammer  are  on  ti;  »un- 

dation;  in  fact,  the  anvil   snpp  -n  is 

used  for  raising  t  which  by 

falling,  as  in  the  <  •••phamn  this 

reason,  the  i  hamme- 

this  type  of  hammer,  a1th>  l^est 

hammers  by  which  steam  can  be  used  above  the  piston  to 
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increase  the  force  of  the  blow.  The  piston  is  always  under 
instant  control  by  the  foot-treadle  </,  which  stands  across  the 
front  of  the  machine. 

When  the  steam  drop  hammer  is  not  in  use,  the  mechanism 
automatically  raises  the  hammer  head   and   holds  it  in 
highest  position.     Such  a  hammer  may  be  fitted  with  suit- 
able dies 'and   used  for  for- 
ging operations,  but  as  a  rule 
it  is  not  so  well  adapted  to 
this  work  as  the  regular  steam 
forging  hammer. 

14.  Types  of  Hammer 
Frames. — In  forging,  the 
hammers  commonly  used  are 
divided  into  two  classes, 
known  as  single-  and  double- 
frame  hammers.  The  single- 
frame  type,  Fig.  10,  is  best 
for  small  or  light  work  be- 
cause there  is  only  one  stand- 
ard or  leg  to  interfere  with 
bringing  the  work  to  the 
hammer  dies,  and  with  mov- 
ing the  work  about  while 
forging.  As  a  rule,  double- 
frames,  Fig.  13,  are  used  only 
on  the  larger  sizes  of  forging 
hammers,  and  ample  space  is 
usually  left  about  the  anvil  to 
permit  the  introduction  of 
both  the  work  and  the  tools. 

In  both  the  single-  and  double-frame  hammers  the  dies  are 
generally  set  at  an  angle  of  45°  to  the  frame,  as  shown  at  i 
and  c,  Fig.  10,  and  a  and  b,  Fig.  13.     Setting  the  dies  at  < 
to  the  face  of  the  frame  permits  long  work  to  be  pla 
either  across  the  dies  or  along  their  length,  and  alk 
work  to  be  handled  under  the  hammer  without  striking  the 


Fio.  12 


16 


HAMMKR   WORK 


frame.  It  also  permits  the  use  of  hand  tools,  which  are 
placed  on  top  and  at  right  angles  to  the  work,  without 
serious  interference  by  the  frame. 

In  the  hammer  shown  in  Fig.  13,  the  steam  cylinder  t  is  a 
separate  casting  that  is  bolted  on  opposite  sides  to  the  side 
frames  f,g.  The  piston  has  an  upper  rod,  or  tailrod,  </,  which 
is  flat  on  one  side  to  prevent  the  piston  and  hammer  ir.  .in 


Fie;.  1:1 


turning.     There  is  no  foot-lever  for  operating  this  ban 
the  hand  wheel  h  is  attached  to    the  m<]    that    moves  the 
throttle  valve,  and  the  lev  i   to  the  valve  that 

controls  the  admission  of  steam  to,  and  the  exhaust   fmm, 
the  cylinder. 

15.     Hammer  Guides. — In  the  case  of  steam  hnmn 
it  is  necessary  to  provide  some  form  of  guide  that  will  keep 
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the  upper  and  lower  dies  in  line.  There  are  two  types  of 
guides  in  common  use.  In  one  type,  the  piston  rod  is 
made  of  comparatively  small  diameter,  and  the  weight  is 


FIG.  14 


concentrated  in  the  hammer  head,  as  shown  at  a  in  the  steam 
drop  hammer,  Fig.  12.  The  hammer  head  is  guided  inde- 
pendently of  the  piston  in  the  cylinder  by  guides  b>  b,  located 
below  the  cylinder.  In  the  single-frame  forging  hammer 
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shown  in  Fig.  10,  a  short  guide  is  provided  at  h\  while  in  the 
hammer  shown  in  Fig.  11,  the  hammerhead  is  gir.  .veen 

the  overhanging  portions^-, h  of  the  frame. 

The  other  type  of  guide  is  that  in  which  the  cylinder  heads 
act  as  the  guides,  as  shown  in  Fig.  13.  This  style  of 
hammer  is  known  as  the  .!/••;  ;/\<>//  type,  after  the  name  • 
inventor.  The  weight,  instead  of  being  concentrated  in  the 
hammer  head,  is  distributed  in  the  hammer  and  in  the  long 
bar  or  piston  rod  < .  duides  are  provided  in  the  upper  and 
lower  cylinder  heads;  and  as  these  guides  are  a  considerable 
distance  apart,  it  is  possible  to  line  up  the  dies  very 
accurately.  The  relatively  large  diameter  of  the  bar  that 
forms  the  piston  rod  makes  it  very  strong,  so  that  very  h 
blows  may  be  struck  without  danger  of  breaking  or  springing  it. 

H>.     Proper  \\vitrin  of  Hammer. — When  wrought  iron 
was  the  only  material  worked  under  the  steam  hamm. 
was  not  so  necessary  to  provide  heavy   hammers,  as  the 
forging s  were  built  up  by  welding  a  large  number  of  thin 
slabs  together;  these  thin  slabs  were  affected  clear  through 
by   blows    from    a   relatively    light   hammer.     During    this 
building-up    process,    all    the    metal    in     the    forging 
thoroughly  worked.     The  metal  also  had  been  subjected   to 
considerable  hammering  to  produce  the   slabs   from  which 
the  forging  was  built  up;  this  hammering  tended  to  produce 
a  forging  of  good  quality.     The  introduction  of  B1 
developed  an  entirely  new  set  of  conditions.     The  structure 
of  steel  differs  from  that  of  wrought  iron,  and   it    ret]-. 
much  more  work  to  produce  a  given  effect  on  a  piece  of 
steel;    so  that  for  a  given    thickness   of   metal    a 
hammer  is  required.      In  making  .:in^s,  it  is  n- 

sary  also  to  work  them  down  from  relatively  lar£< 

a  large  enov  \$   must    be   taken   to  produce   the 

finished  forcing.  :i"t   be  welded  in  eces. 

therefore,  it  is  necessary  to  use  a  large 

bilh •'  -lou^h    hammer,  so   that    the   blow   will 

penetrate  to  the  center  of  the  work.     If  a  heavy  enough 
hammer    is  used,    and  the   center  of    the  piece  receives   a 
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sufficient  amount  of  working,  the  end  of  the  forging  will  be 
convex,  as  shown  at  a,  Fig.  15.     If  the  hammer  is  too  light 
for  the  forging,  the  blows  will  only  affect  the  outer  surface 
of  the  metal,  stretching  it  and  causing  the  ends  to  be  disi 
or  concave,  as  shown  at 
b,  Fig.  15.   When  the  sur- 
face metal  is  stretched  in 
this  way,   it   has  a   ten- 
dency to  tear  away  from 


LJi 


the  inside  metal,  forming 

a  series  of  cracks,  and  in  some  cases  openings  of  consid- 
erable size.  If  the  hammer  is  not  heavy  enough,  therefore, 
to  make  the  ends  of  the  work  assume  the  form  shown  at 

a,  Fig.  15,  it  is  too  light  for  the  piece  being  forged,  and  only 
poor  results  can  be  expected. 

17.  Hammer  Foundations.  —  In  most  cases,  steam- 
hammer  manufacturers  recommend  the  placing  of  the  anvil 
and  the  hammer  on  separate  foundations.  A  foundation  for 
a  single-frame  hammer  is  shown  in  Fig.  14.  The  frame  of 
the  hammer  is  supported  on  timbers  a,  carried  on  brick  piers 

b,  c.     Between  these  brick  piers  is  arranged  a  timber  foun- 
dation e,  on  which  the  anvil  block  d  is  mounted.     A  founda- 
tion for  a  double-frame  hammer  is  shown  in  Fig.  16.     In  this 
case  the  frame  of  the  hammer  is  supported  on  two  piers  at  bt 
while  the  anvil  block  c  is  supported  on  the  timber  foundation  d. 

Recently,  some  manufacturers  have  advocated  the  use  of 
rigid  concrete  foundations  for  both  the  hammer  and  the  anvil. 
This  construction  necessitates  the  use  of  very  much  heavier 
anvil  blocks  and  hammer  frames,  but  it  makes  the  bl 
of  the  hammer  more  effective,  as  the  work  absorbs  all  the 
energy  of  the  blow  instead  of  having  a  large  portion  of  it 
dissipated  owing  to  the  spring  of  the  anvil.  There  is  one 
advantage,  however,  in  favor  of  wooden  or  elastic  founda- 
tions, and  that  is  that  the  slight  yielding  causes  the  work  of 
the  blow  to  be  distributed  over  a  longer  interval  of  time 
than  on  a  solid  foundation.  This  slower  action  permits  the 
force  of  the  blow  to  penetrate  deeper,  thus  causing  the 
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metal  to  be  worked  more  thoroughly  than  when  the  am 
set  on  a  solid  foundation.     Suilicient  elast  illow  the 


effect  of  the  blow  to  penetrate  to  the  center  of  the  work  is 
necessary  for  forging  stccj 
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HAMMER  TOOLS 

18.  Porter  Bars. — In  welding  up  large  shafting  from 
scrap  it  is  necessary  to  have  a  starting  piece,  so  that  the 
forging  can  be  handled  to  advantage.  The  starting  piece 
for  forging  a  shaft  is  called  a  porter  bar,  Fig.  17,  and  con- 


FIG.  17 

sists  of  a  short  section  of  shafting  of  about  the  same  diame- 
ter as  the  desired  shaft,  to  which  pieces  may  be  welded 
to  form  the  shaft.  One  end  a  is  forged  to  a  shovel  shape 
to  receive  the  bars  or 
stock  to  be  welded  on. 
Where  iron  shafts  of 
different  diameters  or 
other  iron  forgings  are 
being  made,  several 
sizes  of  porter  bars  are 
always  kept  on  hand. 

19.     Stocks.— For 

turning  and  handling 
the  porter  bar  or  the 
entire  forging,  stocks 
b,  Fig.  17,  are  em- 
ployed; they  are  shown 
in  greater  detail  in 
Fig.  18.  Two  such 
stocks  are  generally 
used,  being  held  together  by  bolts  passing  through  the 
holes  a,  a.  The  handles  b,  c  and  d  are  so  arranged  that 
when  the  stocks  are  clamped  to  the  work  as  shown  in 


FIG.  18 


HAMMER  WORK 


§61 


Fig.  17,  the  six  handles  of  the  two  stocks  will  be  located  at 
approximately    equal    distances    apart,    around    the    \ 
For  handling  square  Mock   of  the  form    shown   in 

Fig.  19  is  ised. 


-O.  llnclv-  <>r  Cutters. — A  hark  is  used  for  cutting  off 
hot  work  under  either  steam  or  power  hammers.  The  ordi- 
nary blacksmiths'  hot  chisel  is  not  suitable  for  such  woi 

too  hitfh  and  slender.     It  is  of  the  general  form  shown 
at  a,  Fig.  20  (a).    The  cutting  edge  is  not  as  sharp  as  the 


<*> 


Pio  .-i 


ng  edge  of  the  ordinary  hot  chisel,  and  the  tool  must  be 
held  vert;  'nek  with  th.  -.     \Vlu-n   it 

nclined  ]>  as  shown    ir.  (/O,  the   hammer 

>ble  to  k:  ,]   lu-d  it  into 

the  work,  possibly  ruining  e.     \Vhenit 
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form  a  square  shoulder,  the  hack  must  be  held  with  one  side 
vertical,  as  shown  in  Fig.  20  (<r).  When  it  is  simply  desired 
to  cut  off  the  work  in  order  to  form  separate  billets  or  pieces 
of  metal,  the  hack  is  driven  straight  down,  as  shown  in 
Fig.  20  (d).  The  hack  is  driven  nearly  through  the  piece 
from  one  side,  the  piece  is  then  turned  over,  as  shown  in 
Fig.  20  (e) ,  and  a  small  bar,  equal  in  width  to  the  flat  end  of 
the  cutter  is  placed  as  shown  at  /  and  driven  through  with  a 
single  sharp  blow  of  the  hammer.  This  cuts  out  a  core, 
equal  in  width  to  the  bar  /,  and  so  avoids  the  formation  of  a 
fin  on  either  piece.  Such  a  fin  would  be  very  objectionable 
at  a  weld,  as  it  would  probably  cause  a  defect  in  the  forging 
where  the  weld  was  made. 

For  marking  the  work  at  points  from  which  it  is  to  be 
drawn  down,  that  is,  for  marking  shoulders,  a  piece  of  round 
iron  of  small  diameter  is  frequently 
used,  it  being  driven  into  the  shaft 
by  the  hammer  as  the  shaft  is  slowly 
rotated.  Frequently  a  bar  of  square 
iron  is  used  for  shouldering  down 
work,  but  this  method  leaves  a  sharp 

corner  at  the  bottom,  which  is  liable  to  cause  a  defect  during 
the  subsequent  forging  operations. 

For  nicking  work  cold  under  the  hammer,  a  cold  chisel  of 
the  form  shown  in  Fig.  21  is  frequently  used.  It  consists  of 
a  blunt  triangular  piece  of  carbon  steel  that  is  hardened  and 
tempered  to  a  blue;  it  usually  has  a  round  handle  of  low- 
carbon  steel  or  iron  forged  to  it,  and  the  back  of  the  chisel 
is  somewhat  round,  as  shown  in  the  illustration. 

21.  Swages. — Sometimes  ordinary  two-part  swapres 
are  used  for  small  hammer  work;  the  upper  swage  being 
fitted  with  a  handle,  as  shown  in  Fig.  22  (a).  Frequently, 
the  handle  is  drawn  down  flat  near  the  swage,  as  shown 
at  a,  so  as  to  allow  it  to  spring  and  thus  avoid  stinging  the 
hands  of  the  man  holding  it.  When  a  bottom  swa^ 
made  to  go  with  a  top  swage,  it  may  be  provided  with  pro- 
jections or  lugs,  shown  in  Fig.  22  (t>),  to  hook  over  the  face 
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of  the  anvil.     In  most  cases,  if  there  are  two  projections  on 
one  side  there  is  only  one  projection  on  the  other  side. 
In    other    cases,    the    top    and  swages   are 

nected.     Fig.  I'orm  in  which  the  handles  of 

the  swage  are  made  from  1-inch  round  steel  with  a  spring  at 

the  end  /»,  made 
|"X2"    stock.      The 
handles   a,  a    in    this 
case    are    about 
inches  long.     The 
spring    b    serves    to 
keep   the   two    p 
of  the  swage  sepa 
at  all  times.    Another 
type   of    swage 
shown  in  Fig.  23  (t>).     In  this  case,  the  handles  (i,a  are  about 
4  feet  long,  and  are  made  of  i"  X  2"  steel;  they  are  see 
together  at  the  end  by  a  band  />  and  the  rivet  c.     In  other 
cases,  two  rivets  are  used  in  place  ot'  the  band  and  • 
sometimes,  to  hold  the  two  parts  in  line,  a   small  pin  about 


i  inch  in  diamet*  iurh   a   holr  in  the  upper 

handle,  as  shown  at  </,  the  hole  being  at  least  a1-,:  inch 
larger  in  diameter  than  the  pin.  The  pin  is  fastened 
securely  in  the  lower  handle  either  by  tapping  and  screwing 
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it  in,  or  by  locknuts  on  top  and  bottom.  These  guide  pins 
are  quite  necessary  in  the  case  of  swages  that  are  to  do 
fairly  accurate  work. 

For  drawing  work  to  a  taper  under  the  hammer,  a  fuller 
of  the  form  shown  in  Fig.  24  (a)  is  frequently  used.  For 
drawing  down  the  work,  the  fuller  is  held  as  shown  at  a, 
Fig.  24  (£);  while  for  smoothing  the  work,  it  is  turned  over 
and  used  as  shown  at  a,  Fig.  24  (c). 


FIG.  24 

22.  Dies  for  Steam  I  la  miners. — While  in  the  steam 
hammer  plane  or  flat  dies  are  generally  used  for  forging 
work,  forming  dies  are  also  used.  For  instance,  in  the  manu- 
facture of  steel  wheelbarrows,  large  cast-iron  forming  dies  are 
used  on  the  steam  hammer.  The  furnace  for  heating  the 
sheet-steel  pieces  for  the  wheelbarrow  bodies  is  located  close 
to  the  hammer.  When  properly  heated,  one  of  the  sheets  is 
placed  on  the  lower  die,  which  is  concave,  and  held  in  the 
proper  position  by  stop-pins  on  two  sides.  The  upper  die  is 
brought  down  slowly  on  the  lower  die,  and  the  steam  then 
turned  on  to  force  down  the  metal.  The  upper  die  is  then 
raised,  and  one  or  two  light  blows  struck  to  remove  all 
creases  and  cause  the  sheet  to  fit  the  dies  perfectly. 

This  same  method  may  be  used  for  forming  a  large  variety 
of  work,  such  as  elevator  buckets  and  similar  pieces.  The 
steam  hammer  is  also  sometimes  fitted  with  swage  dies  and 
used  for  drawing  down  round  pieces,  such  as  special  axles,  etc. 
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In  Fig.  25,  the  cast-iron  di«  : inched  to  the  steam 

hammer  .  for  forming  the  piece  < ,  shown  at  the  base 

of  the  hammer.     The  upper  di«  wn  keyed  to  the  rani, 

or  hammer  head  />,  while  the  lower  die  c  is  keyed  to  the 

anvil.    The  curve^of 

the    lower   iiie    n. 

the   curve   /   on 
piece,  and  the  angle  h 
on    the    upper   die 

makes  the  an-le 

the  piece. 
The   upper   die   in 

the    steam    hammer 
does  not  have  a  fixed 
;s  in  the  case 
of  some  forging 
chines,  but  the  length 
ic  stroke  is  con- 
trolled   by   the  O] 
ator.    A  mark  ma- 
placed  on  the  ram  or 
hammer  head  and  an- 
other on  the  guide  to 
indicate   the   1« 
position  of  the  ham- 
mer,   otherwise    the 
hammer  may  have  to 
be  stopped  and  the  piece  measured  before  it  is  brought  down 
to   the   finished    si/.e.      Ar.  -;ccd    man.    h 

depend  on  his  judgment  nine  when  the   piece 

been  reduced  to  the  proper  size. 


fn  m 
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EXAMPLES   OF  HAMMER    WOHK 

FOGGING  WROUGHT  IRON 

23.  Welding  Up  Scrap. — Large  wrought-iron  forcings 
are  generally  made  by  welding  up  scrap,  because  the 
reworked  metal  shows  a  better  grain  and  a  closer  structure 
than  could  be  obtained  by  new  metal  taken  directly  from  the 
puddling  furnace.  The  scrap  is 'sheared,  or  cut  into  pieces 
of  the  required  size,  and  piled  up  on  small  boards,  usually 
about  10  inches  by  18  inches,  as  shown  in  Iron  Forging. 
These  boards,  with  the  scrap  piled  on  them,  are  then  placed 
in  a  heating  furnace  and  the  iron  is  brought  to  a  white  weld- 
ing heat;  this  usually  requires  about  30  minutes  in  a  good 
fire.  Steel  scrap  cannot  be  welded  in  with  wrought-iron 
scrap.  If  any  high-carbon  steel  is 
placed  with  the  wrought-iron  scrap, 
it  will  be  melted  at  the  welding  heat 
of  wrought  iron  and  will  run  out. 
Low-carbon  steel,  however,  will 
sometimes  resist  melting  and  re- 
main in  the  pile,  but  as  a  rule  it  does 

not  make  a  perfect  weld,  and  hence  should  be  avoided 
whenever  possible.  When  a  pile  has  been  heated  through, 
it  is  taken  from  the  furnace  with  a  large  pair  of  tongs 
and  carried  to  the  hammer.  In  most  cases,  a  steam  helve 
hammer,  like  that  shown  in  Fig.  9,  is  used  for  this  work 
While  the  scrap  is  heating  in  the  furnace,  a  bar  of  iron, 
called  a  staff,  is  prepared  for  a  handle  by  having  one  end 
brought  to  a  welding  heat  in  a  separate  furnace.  When  both 
the  staff  and  the  scrap  are  heated  properly,  the  staff  is  placed 
on  the  mass  of  scrap  on  the  anvil,  so  that  the  first  blows  of 
the  hammer  weld  them  together.  The  staff  is  then  used  for 
handling  or  moving  the  pile  as  it  is  forged  down.  The  staff 
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is  cut  off  with  a  hack  when  the  forging  is  <d.     The 

resulting  forging  made  by  welding  up  scrap  is  called  a 
:*i;th.  oi  -hin-lc  Slab,  :  ,  'J»J.  and  the  operation  is  fre- 
quently called  "-ing. 

A  good  sound  iron  forging  can  be  built  up  of  ; 
small   slabs;    Fig  the   end,   sometimes  called   a 


rr«»|i  end,   <  ut   from   a  large   shaft  forged   from    iron   s 
The  crop  end  shown  was  only  S  inches  long,  and  yet  th< 
cumference,   which   was    rough-turned,   showed    g<> 
almost  to  the  end.      On    the  back  or  flat  side,  not   shown, 
where  it  was  cut  off,  the-   metal  was  perfectly  uniform,  i 
being  no  visible  indication  of  cracks  between  the  slabs  : 
which  the  piece  was  made. 

24.     Making  Axles. — For    forging  ties,  three   or 

more  shingle  slabs  containing  the  requisite  amount  of  iron 
are  piled  up,  placed  in  the  furnace,  and  brought  to  a  welding 
heat.  For  an  axle  that  is  to  weigh.  I  --onmls  in  the 

rough,  two  22~>-pnund  slabs  and  01  >un<l  slai 

taken.     The  lighter  or  thinner  slab  is  placed  between   the 
others,   because    this    method    has    been    found    to   ma' 
stronger  axle.     It  takes  from  30  to  40  minutes  to  1 
a  pile  to  a  welding  heat.     The  three  slabs  are  then  taken  out 
of  the  furnace,  placed  under  the  hammer,  and  a  lit 
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than  half  of  the  length  welded  together  and  brought  to  near 
the  finished  size.  After  the  pieces  have  been  struck  a  few 
blows  on  the  flat  to  weld  them  together,  they  are  forged 
square,  then  octagonal,  and  finally  round.  This  is  termed 
rough  welding,  or  simply  roughing. 

After  one  end  of  the  piece  has  been  rough-welded,  the 
other  end  is  placed  in  the  furnace,  with  about  a  foot  of  the 
welded  end  projecting  to  serve  as  a  handle.  After  from 
10  to  15  minutes  of  heating,  it  is  removed,  put  under  the 
hammer,  and  the  other  end  welded  down,  drawn  out 
square,  then  octagonal,  and  finally  round.  This  end  is  then 
forged  to  the  finished  size.  The  piece  is  then  reversed, 
reheated,  and  the  end  that  was  first  rough-welded  is  forged 
to  the  finished  form. 

25.  Forging  Large  Iron  Shafts. — For  forging  very 
large  shafts,  slabs  are  placed  on  the  thin  end  of  the  porter  bars. 
These  slabs  are  piled  on  the  end  of  the  porter  bar,  brought 
to  a  welding  heat,  welded  together,  and  forged  into  the  shape 
of  the  required  shaft.  The  end  is  then  brought  down  to  a 
shovel  shape,  another  set  of  slabs  piled  on,  heated  and 
welded,  the  operation  being  repeated  until  the  shaft  is  of 
the  required  length.  As  already  pointed  out,  in  forging 
such  a  shaft  from  iron,  only  sufficient  work  to  penetrate  the 
piece  being  welded  and  to  insure  a  perfect  weld  is  necessary; 
hence,  only  a  sufficient  number  of  fagots  are  piled  up  to 
make  the  forging  slightly  in  excess  of  the  required  diameter, 
as  this  very  greatly  reduces  the  work  of  forging  the  shaft  to 
the  finished  size. 

When  no  porter  bar  is  used  for  starting  the  shaft,  it  will 
be  necessary  to  pile  up  several  slabs,  weld  them  together, 
flatten  out  the  end,  and  use  this  as  a  staff  or  porter  bar  for 
forging  the  shaft.  The  piece  used  as  a  porter  bar  must 
always  be  round,  so  that  it  can  turn  in  a  sling  chain  as  the 
work  is  moved  under  the  hammer.  Shafts  are  usually 
forged  up  under  large  double-frame  steam  hammers,  as  the 
steam  helve  hammer  is  scarcely  ever  heavy  enough  for  this 
work. 

53B— 34 
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2(>.  I'rtM-Mutions  in  r..r^inir  >!«•«•!.  -In  forging  steel 
the  following  important  precautions  should  be  observed: 
The  ingot  is  ess<  i  coarse-grained  steel  casting,  and 

to  convert  it  into  steel  of  the  best  quality  it  must  undergo 
considerable  forging,  in  order  to  produce  a  dense  structure 
and  bring  out  the  best  qualities.  In  practice,  it  has  been 
found  that  for  round  work  the  ingot  must  be  at  least  one 
and  one-half  times  the  diameter  of  the  finished  forcing, 
it  is  even  better  to  have  it  slightly  larger. 

The  hammer  or  press  under  which  the  forging  is  done 
must  be  sufficiently  powerful  to  affect  the  ingot  to  its  center 
from  the  very  first  of  the  work,  and  the  effect  of  this  com- 
plete working  will  be  shown  by  the  bulging  of  the  central 
portion  of  the  end  of  the  piece  being  forged. 

In  heating  steel  for  forging,  it  must  be  heated  slowly,  but 
without  undue  soaking,  that  is,  without  heating  longer  than 
is  necessary.  If  a  cold  ingot  is  placed  in  the  fin 
heated  rapidly,  the  outside  may  be  expanded  so  rapidly  that 
it  will  be  torn  from  the  interior.  Any  cracks  caused  by 
this  sudden  heating  will  form  serious  defects  in  the  forging. 
The  proper  temperature  for  for^rin  with  the  character 

of  the  steel,  and  especially  with  the  percentage  of  carbon  it 
contains.  The  temperature  must  not  be  near  the  melting 
point,  and,  on  the  other  hand,  must  always  be  well  above  the 
point  of  recalescence. 

-7.  \\Vhiinir  st«-H.  Steel  billets,  blooms,  or  ingots 
should  never  be  welded  together  to  build  up  a  forging. 

ally   impossible  to  obtain    a   perfect    weld   on  large 
work.     In  building  up  forms  of  structural  shapes.  h<>\\ 

^ary  to  \v.  ially 

Angles,  channels,   <  and 

other  st!  tly  welded  together  v. 

making  such  piec>  .md  other 

simi  Xhil  welding  is  usually  effected  by 

first  scarfing   and    fitting    the    surfaces    properly,  and    then 
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heating  and  welding  them  without  a  flux.  Such  a  weld  will 
not  be  as  strong  as  the  unweldecl  portion  of  the  piece, 
because  the  heat  necessary  for  making  the  weld  opens  the 
grain  of  the  steel  to  such  an  extent  as  to  damage  it  and 
somewhat  decrease  its  tensile  strength. 

28.  Forging  Press. — Owing  to  the  structure  of  steel 
and  to  the  fact  that  every  blow  must  penetrate  to  the  center 
of  the  forging,  it  is  necessary  that  the  blows  should  have 
some  duration.     The  steam  hammer  produces  a  good  sur- 
face on  the  forging  but  the  energy  of  the  blow  is  not 
tinuous   enough    to    affect    the   center   as  thoroughly   ;. 
should.     This  can  be  remedied   somewhat   by  driving  the 
hammer  more  slowly,  and  following  the  piston  with  the  full 
steam  pressure  clear  to  the  end  of  the  stroke.     The  steam 
hammer  gives   very   good   results  on  small-  and   medium- 
sized  forgings. 

The  hydraulic  forging  press  is  better  than  a  steam  ham- 
mer for  forging  steel,  because  it  gives  a  powerful  squeeze 
instead  of  a  sharp  blow.  It  is  used  for  forging  very  large 
shafts,  armor  plate,  and  similar  pieces.  Such  a  press,  with 
the  necessary  pump  and  fittings,  however,  is  very  expen- 
and  its  use  would  pay  only  where  a  considerable  number  of 
large  pieces  are  to  be  forged.  Various  types  of  forging 
machines  have  been  brought  out  recently,  operated  either 
by  steam  >or  by  hydraulic  pressure,  which  are  used  for 
squeezing  steel  into  the  desired  shape;  they  give  remarkably 
good  results.  Some  machines  of  this  class  are  described  in 
Machine  Forging. 

29.  Forging  Crank-Shafts.— Whenever  it  is  possible 
to  do  so,  crank-shafts  are  forged  in  pairs,  as  the  two  cranks 
serve  to  balance  each  other  when  the  work  is  turned  during 
the    forging.     An  ingot,  or  bloom,  large  enough  to  make 
both  pieces  is  used  and  the  finished  forgings  are  separated 
by  cutting  them  apart  on  the  slotting  machine.     In  Fig.  28, 
a  crank  forged  in  this  way  is  shown.     The  ordinary  crank- 
shaft should  be  forged  of  steel  containing  from  .30  to  .35  per 
cent,  carbon.     One  end  of  the  bloom  is  first  heated,  and  a 
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triangular  hack  is  driven,  with  the  steam  hammer,  into  the 
hot  steel  at  a,  Fig.  29.  The  hack  should  be  made  of  such  a 
height  that  it  can  be  driven  its  entire  depth  without  danger 
of  cutting  deeper  than  is  required.  ;he  shaft 

from  a  to  b  is  then  drawn  out  under  the  hammer.      It   is 


PiO.  28 


first  drawn  square,  then  octagonal.     The  hack  is  next  driven 
into  the  piece  at  r,  and  the  piece  turned  over  and  the  hack 
driven   in   at  d.     The  part  between   c  and  d  is   then  <1: 
over  and  drawn  out,  first  square,  then  octagonal,  to  form  the 


\a!            i«/ 
\!            '' 

i  • 

L 

part  between  c  and  d,  Fig.  30.     The  piece  is  next  returned 
to  the  furnace  and  the  other  end  heated.     It  is  then  taken 
back  to  the  hammer  and  the  hack   driven   in  at  r.  Fi- 
and  the  end  /drawn  down  square,  then  octagonal,  and  finally 
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round;    the    central    portion    c  d   is    also   rounded   up.     The 
work   is   again   reversed,    the   other   end    heated,    and    the 
portion  ab  rounded  up.     After  the  forging  is  cooled, 
sent  to  the  slotter  and  cut  off  on  the  line  gh.     The  inside 
portions  of  the  cranks,  at  ijkl  and  run  op,  arc  not  forged 
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out,  but  are  left  in  the  forging  as  solid  blocks.  They  arc 
then  removed  by  drilling  holes  and  slotting  out  the  main 
portion  of  the  metal  in  the  machine  shop. 

Where  only  a  single  crank  is  to  be  made,  it  is  necessary 
to  attach  a  balance  weight  to  the  work  or  to  the  tongs. 
Large  steel  forgings  cannot  be  handled  with  the  porter  bar, 
as  can  iron  forgings,  because  it  is  not  possible  to  weld  the 
shaft  to  the  bar.  The  shaft  is  usually  gripped  with  a  pair 
of  special  tongs  or  clamps  having  a  long  bar  or  handle  that 
takes  the  place  of  the  porter  bar.  In  some  cases,  a  long 
beam  of  hardwood  is  attached  to  the  end  of  the  clamps,  and 
the  stocks  attached  to  this. 

30.  Forging  a  Connecting- Rod. — Whenever  it  is  pos- 
sible to  do  so,  it  is  best  to  forge  connecting-rods  in  pairs, 
with  their  larger  ends  connected.  This  makes  it  possible  to 
use  one  of  the  connecting-rods  as  a  porter  bar  or  handle  for 
holding  the  other  during  the  forging;  also  the  large  ends 
adjoining  each  other  can  be  forged  at  the  same  time  under 
the  hammer,  and  both  ends  can  be  forged  in  approximately 
the  time  it  would  take  to  forge  one.  Two  rods  joined  in 
this  way  are  shown  in  Fig.  31.  After  the  forgings  are 


FIG.  31 


completed  they  are  cut  apart  at  a  in  the  machine  shop.  The 
rods  from  which  this  sketch  was  made  were  each  about 
14  feet  long,  and  the  large  end  of  each  rod  about  12  inches 
by  24  inches,  and  the  small  end  about  12  inches  by  20  inches. 
The  work  of  forging  was  done  under  a  12-ton  hammer. 
The  method  of  forging  two  pieces  together  and  then  cutting 
them  apart  is  one  that  can  be  applied  to  advantage  to  a  very 
large  variety  of  work.  It  will  effect  a  saving,  first,  in  the 
time  necessary  for  heating,  second,  in  the  time  necessary  for 


34  HAMMKk   WORK 

forging  the  adjacent  parts,  third,  1  iting  the  handling 

of  the  work  by  giving  that  is  h  i  one 

side,  and  fourth,  by  reducing  the  amount  < 


.'Jl.      Hollow    l-'orirlnjr.  —  Hollow  shafti:  ::-.g    used 

very  extensively   for  main    shafts  of   large  engines  w 
light  :    strength    are   desired.      The   adv  of  a 

hollow  shaft  are  that  it  is  considerably  stronger  ai 
than   a   solid   shaft   containing    the  same  amount   • 
Shafts  made  in   this  manner  possess  another  adva 
the  impurities  that  tend  to  collect  at  the  center  of  the  ingot, 
making  the  steel  weaker  and  poorer,  are  removed  and  only 
the  best  part  of  the  ingot  remains  in   the  shaft. 
hollow  shafts  were  made  by  boring  out  the  finished  for 
In  order  to  make  a  hollow  forging  in  this  way,  it  is  neces- 
sary to  have  a  forging  hammer  or  press  that  will  atTect  the 
metal  clear  through. 

Forgings  having  holes  larger  than  0  inches  in  diar 
be  made  as  follov,  r  the  ingot  has  been  cast,  the  upper 

or  crop  end   with    its   impurities  is  cut   otT;    a   h<>k-    N    then 
bored   through  the  center  <>f   the  ingot  which  removes  any 
piping,  together  with  the  impurities  that  have  collect* 
the  center.     After    the    hole  has  been    bored,  the   ing' 
heated,  and   when  at  the  proper  temp'  :;om 

the  furnace  and  a  .  >lcd  mandrel  is  forced  into  the  : 

The  piece  is  then  placed  under  a  hammer  or  forging  p 
and  d  it  or  worked  down  to  the  requin  The 

very  much  as  though  an  anvil  had  been  introc 

the  center  of   the   work.     A   given   pressure    from    the 

forgi  will  produce  more  than  twice  the  eiTecl   that  it 

a  s.,lid  the  same  diameter,  as  it  will  only 

have  on    the    t  rely   thin    portions    above    and 

below  the  m.  In  forging  a  hollow  shaft,  one  of  the 

:!y  Y  shaped  and  the  other  ll.,1 
•  troke  of  the  press  tl.  -ked  at   ' 

•nandrel. 

Of 
equipped  for  the  !  ...  and  t:  iking 
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them  is  expensive.  For  many  classes  of  work,  however,  it 
has  been  found  cheaper  to  pay  the  price  for  a  high-grade 
hollow  forging  than  to  use  a  solid  forging.  The  strength  of 
a  hollow  forging  is  greater  than  that  of  a  solid  forging  of 
the  same  weight,  and  hence  a  smaller  weight  of  material  will 
be  required  for  a  forging  of  the  same  strength.  Another 
advantage  in  forging  large  shafts  hollow,  is  that  large  solid 
forgings  cannot  be  successfully  oil-treated,  but  when  the 
center  of  the  work  has  been  removed,  it  can  be  treated  very 
successfully.  

WELDING  STEEL  TO  IRON 

32.  In  welding  steel  to  wrought  iron,  the  characteristics 
of  both  must  be  considered.  Iron  welds  at  a  white  heat,  but 
steel  must  not  be  raised  above  a  bright  red  heat.  Sand  is 
ordinarily  used  as  a  flux  in  welding  iron,  but  if  any  flux  at 
all  is  required  in  welding  steel  it  must  be  more  fusible,  and 
hence  calcined  borax  is  very  largely  used.  Ordinary  borax 
will  bubble  when  heated,  due  to  the  escape  of  the  contained 
water,  but  if  borax  is  placed  in  an  iron  pot  and  melted,  the 
water  will  be  expelled,  and  the  cooled  material  can  be  pow- 
dered and  used  as  a  flux.  This  is  called  calcined  borax,  and 
sometimes  borax  glass. 


FIG.  82 


In  welding  steel  to  iron,  the  pieces  must  be  heated  in  a 
clean  fire  and  the  temperature  raised  slowly  to  the  welding 
heat.  A  cleft  weld  is  to  be  preferred;  the  steel  being  on  the 
inside  as  shown  at  a,  Fig.  32,  and  the  iron  on  the  outside. 
The  cleft  in  the  piece  of  iron  b  should  be  long  enough  so  that 
the  ends  can  be  closed  down  over  the  outside  portion  of  the 
steel  piece,  as  shown  at  c.  This  serves  to  hold  the  pieces 
together  while  they  are  being  welded.  The  pieces  are  each 
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brought  to  the  proper  heat,  that  is,  the  iron  to  a  white  heat 
and  the  steel  to  a  bright  red,  the  borax  flux  applied  to  the 
steel,  and  the  steel  driven  into  the  cleft  of  the  iron,  after  which 
the  edges  c ,  c  are  turned  down  and  the  weld  then  completed. 


FORGING    HI<;il-<  ARSON   STEEL 

33.  In  forging  high-carbon  steel,  the  following  facts 
should  be  kept  in  mind:  The  purity  of  the  steel  depends 
very  largely  on  the  process  of  manufacture.  The  purer  the 
steel,  the  easier  it  can  be  forged;  the  bad  effects  of  such 
elements  as  sulphur  and  phosphorus  are  reduced  to  the  least 
possible  amount  in  the  purer  steel  because  only  very  small 
percentages  of  these  elements  are  present.  High-carbon 
steel  has  a  much  greater  strength  in  tension  than  lc 
steel,  and  necessarily  is  much  less  ductile.  Very  large  for- 
gings  are  rarely,  if  ever,  made  from  high-carbon  steel,  but  in 
all  forging  operations  it  will  be  found  that  the  high-carbon 
steel  has  a  much  harder  structure,  both  when  cold  and  when 
hot;  more  care  must  be  taken  in  heating  it,  and  a  piece  of 
given  thickness  will  require  a  much  heavier  hammer,  for 
good  results,  in  forging  than  is  the  case  with  a  softer  steel. 


MACHINE  FORGING 

THE    WORKING    OF   METALS   BY 
MACHINE 

1.  Definition  and  Scope  of  Machine  Forging. — In 

its  broadest  sense,  machine  forging  is  the  working  of 
metal,  either  hot  or  cold,  by  means  of  a  machine,  causing  it 
to  flow  in  such  a  way  as  to  give  it  some  desired  shape, 
either  by  slowly  applied  pressure  or  by  blows.  It  is 
impossible  to  exclude  from  this  machine  process  of  working 
metals,  any  forming  operations  on  cold  metals,  as  it  has 
been  found  advantageous  to  work  metals  at  temperatures 
varying  from  ordinary  atmospheric  temperature  to  about 
2,000°  F.  Low-carbon  steel,  certain  brass  alloys,  and  alumi- 
num are  frequently  pressed,  rolled,  or  punched  cold.  Zinc  is 
most  easily  worked  at  a  temperature  of  between  300°  and 
400°  F.  Aluminum  can  be  drop-forged  at  a  temperature 
slightly  below  a  dull  red  heat,  but  it  is  very  difficult  to 
maintain  it  at  exactly  the  required  temperature.  Copper 
can  be  forged  hot,  and  pure  annealed  copper  can  be  formed 
cold  by  pressing.  From  this  it  will  be  seen  that  machine 
forging  operations  are  exceedingly  varied  in  their  nature. 

2.  Classification    of    Forging    Machines.— Forging 

machines  may  be  divided  into  three  general  classes:  rolls, 
drop  hammers,  and  presses.  Power  and  steam  hammers  are 
sometimes  used  with  dies  for  machine  forging,  but  not  as 
extensively  as  drop  hammers. 
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3.     Itnlllnir    r..u-.      \\'\      ^-ht   iron   leaves   the   puddling 
furnace  in  the  for-  tall,  from  which  the  slag 

by  the  squeezer  to  form  the  />/<><>///.     T«»  reduce  this  1>! 
to  the  desired  form  and  size,  it   is  passed   through  succes- 
sive  grooves   in   rolls.      A   train,  or  set,  of  thtce  ///«;//    rolls 
is   shown    in   Fig.    1.     IV  urnished   to    the   machine 

by  connecting    shaft   a   directly  to   some   source   of   power, 
usually  an  en.  i  motor;   this  drives  the  middle  roll  c\ 

the  top  and  the  bottom  rolls  are  driven  from  the  same  shaft 
by  gearing  located  between  the  housings  b  and  c. 


As  the  rolls  must  be  connected  to  the  gears  by  a  some- 
what flexible  i]  form  of  universal  coup- 
ling, known  ;:  Wftbbler,  Ifl  used;  the  fluted  shafts  on  the 

if*  :ihh1«-r  IH-JI.I-.      This  coup- 
ling •;•  the  ends  of  th< 
flute                         are  to  be  co  •••ning  it  so  as 
to  allow  the  nec(                  .y.     In  rolling  tl; 

passed    through    r  the    middle    and 

bottom  rolls.  As  the  middle  roll  always  turns  in  one  direc- 
tion, the  fop  and  bottom  rolls  always  turn  in  the  opposite. 
After  the  work  i  through  the  first  groove  betv 
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the  middle  and  bottom  rolls,  it  is  returned  through  the  first 
groove  between  the  middle  and  top  rolls.  In  the  case  of 
very  heavy  work,  an  automatically  operated  carriage  is 
used  to  raise  the  end  of  the  bar  for  its  upper  pass.  <A 
the  bar  has  passed  through  and  back  again,  it  is  sent  through 
the  second  groove  between  the  middle  and  bottom  rolls, 
returned  through  the  corresponding  groove  in  the  upper 
rolls,  and  so  on  until  it  is  reduced  to  the  proper  size  and  form. 
The  bloom  as  it  comes  from  the  squeezer  is  approxi- 
mately round,  as  shown  in  Fig.  2  (a).  In  rolling  a  round  bar, 
it  is  somewhat  oval  after  the  first  pass  through  the  rolls,  as 
shown  in  Fig.  2  (d).  When  it  is  returned  to  the  rolls,  guides 
that  act  against  the  ends  a,  b,  turn  the  rod  so  that  it  enters 
the  rolls  with  the  long  diameter  a,  b,  vertical,  as  indicated  by 


(a) 


the  full  lines  in  Fig.  2  (c),  and  leaves  them  squeezed  down 
with  the  short  diameter  a',  b'  vertical,  as  indicated  by  the 
dotted  lines.  Each  succeeding  pass  produces  a  smaller 
oval,  until  the  last  pass,  for  which  the  grooves  ate  so 
arranged  that  the  bar  comes  out  round.  If  it  were  not  for 
this  method  of  rolling  down  successive  ovals,  it  would-be 
difficult  or  impossible  to  gradually  reduce  the  cross-section 
of  the  bar,  and  at  the  same  time  insure  an  even  working  of 
all  parts  of  the  metal. 

Square,  rectangular,  and  structural  shapes,  such  as  I 
angle  iron,  channels,  etc.,  that  are  used  in  buildings,  bridges 
and  other   structures,  are  made  with   rolls  having  s 
Shaped    grooves.     In    many   cases,   however,    the    r 
worked  down  from  the  ingot  or  bloom  to  approximately  t 
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required  area  with  a  square  cross-section,  and  then  pa 
through  a  series  of  forming  rolls  that  gradually  bring  it  to 
the  proper  shape.     This  preliminary  square  rolling  in 
the   proper  working   of   all   parts   of   the   metal   before   it 
receives  its  final  forming. 


4.  Rolllnir  I'ljitrs.  —  For  rolling  plates  of  steel  or  other 
metals,  or  for  rolling  down  ingots  of  such  metals  as  gold, 
silver,  German  silver,  etc.,  plain  cylindrical  rolls  like  those 
shown  in  Fig.  3  are  used.  In  this  case,  the  roll  faces  a,  a 


are  parallel,  and  the  ingot  is  passed  between  the  guides  b,b. 
After  the   ingot  has  been  passed  between   the  rolls, 
returned    over   the    top.      In    some   ca  ly   when 

handling  large  plates,  the  rolls  are  made  so  that  their  <: 
tioii   of  rotation  can  be  reversed,  and  after   the  piece  has 
passed  between  them  it  is  returned  by  reversing  the  m« 
this  is  accomplished  either  by  suitable  clutches  or  by  re\ 
ing  the  motor.     In  Fig.  3,  the  wabbler  heads  on  the  roll 
shown  at  c.     The  screws  (/.(/are  provided  for  ;  the 

«nce  between  the  rolls.     In  rolling  most  met 
necessary  to  anneal  the  metal  occasionally,  son  after 
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only  a  few  passes  between  the  rolls.  When  the  metal  begins 
to  crack  at  the  edges,  it  is  generally  considered  to  have 
reached  a  point  where  it  is  necessary  for  it  to  be  annealed. 

5.  Graded  Rolling:. — Special  rolls  are  frequently  used 

for  producing  work  of  varying  thickness;  this  is  really 
ging  with  revolving  dies,  and  is  called  ^i-a«ic«i  r«>in 
Usually,  graded  rolling  is  accomplished  by  p:i 
of  metal  lengthwise  between  a  pair  of  rolls,  one  or  both  of 
which  are  more  or  less  eccentric  or  have  dies  attached,  so  as 
to  give  the  finished  piece  a  tapered  form  or  a  varying  thick- 
.ness.  Silver,  German  silver,  and  brass  may  be  rolled  cold; 
but  iron  and  steel  are  usually  rolled  hot.  In  some  c:i 
the  stock  is  simply  passed  through  the  rolls,  that  is,  the 
piece  is  placed  against  a  guide,  which  serves  to  locate  it 
properly  before  starting  through  the  rolls;  the  rolls  then  grip 
it  and  carry  it  from  the  operator,  requiring  no  further  atten- 
tion from  him.  In  other  cases,  the  rolls  are  provided  with 
dies,  and  revolve  so  as  to  draw  the  work  toward  the  operator; 
the  dies  on  the  surface  of  the  rolls  are  cut  away  for  a  portion 
of  their  circumference,  so  as  to  leave  a  wide  space  between 
the  rolls  once  in  every  revolution.  The  rolls  turn  con- 
tinuously, and  when  the  wide  space  appears  the  operator 
quickly  passes  the  work  between  them.  As  the  rolls  turn, 
the  dies  come  together,  grip  the  work,  and  roll  it  forwards 
toward  the  operator.  The  advantage  of  using  a  machine 
in  which  the  work  is  done  by  rolling  the  material  toward 
the  operator  is  that  where  several  passes  are  required  all 
work  can  be  done  by  one  man,  while  with  rolls  carrying 
the  work  away  from  the  operator  it  'is  necessary  to  have  a 
man  at  the  back  of  the  machine  to  return  the  partially  worked 
pieces.  Graded  rolling  is  sometimes  done  to  break  down 
stock  or  rough  it  to  shape,  so  that  it  may  be  finished  by  drop 
forging. 

6.  Example    of   Rolling  With    Dies.— Some   of   the 

operations  in  the  making  of  spoons  furnish  an  excellent 

illustration  of   graded  rolling  with    dies.     The  blanks  are 

punched  from    a  sheet  i  inch  thick,  in  the  form  shown  in 
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Fig.  4;  the  piece  a  is  waste,  and  6,  c,  tt,  t,  /,  and  g  are  spoon 
blanks.     The    large  end  of   the   spoon  blank,   which   is  to 

form  the  bowl,  is  first  made  wider 
by   cross-rolling;    this    is   done   in 
some  cases  by  passing  the  blank 
sidewise  between  rolls  about  6  or  8 
inches  in  diameter,  the  rolls  being 
located    between    1 
shown  in  Fig.  5.     A   par: 
roll  is  made  smaller  in  diameter,  that  is,  it  is  cut  av, 
to  clear  the  spoon  handle, 
shown  at  b.     The  portions 
rroi  the  rolls  do  the  cross- 
rolling;  the  rolls  are  con- 
nected by  suitable  ge 
which    are    placed   on   the 
of    the    roll    shafts. 
In  other  cases,  the  cr 
rolling   is    done    between 
overhanging    rolls,    as 
shown  in  FIL:.  <>:  these  rolls 
are  10  or  12  inches  in  diam- 
eter, to  insure  the  neces- 

stiffness.    The  portion  of  the  rolls  between  the  housings 

are    frequently    used 
for  other  work.    Driv- 


ng  gears  are 
on  the  ends  of  the  roll 
shafts  at  tin- 

After    the    bowl    of 
the    spoon     i 
rolled,  both  the  bowl 
and    the    handle 
lengthened  by  u'radrd 
rolling.      The  graded 
rolls  for  thr 

work  are  made  with  a  portion  of  their  surface  cut  away,  so 
that  the  piece  may  be  placed  through,  and  against  a  stop 
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before  the  rolls  grip  it.  The  rolls  must  be  so  designed  that 
they  will  operate  only  on  the  portion  of  the  work  for  which 
they  are  intended.  In  other  words,  each  style  of  bowl  and 
each  style  of  handle  requires  different  rolls.  The  handles 
for  forks  are  also  rolled  in  this  manner.  In  most  cases,  the 
work  is  passed  through  the  rolls  away  from  the  operator  and 
allowed  to  fall  out  on  the  other  side. 

7.     Kolliiipr  Rifle  Barrels. — Rifle  barrels  made  of  nickel 
steel  are  rolled  from  billets  that  are  heated  in  a  furnace  and 


FIG.  7 


then  passed  through  successive  grooves  in  a  pair  of  special 
eccentric  or  graded  rolls,  until  the  barrel  is  reduced  to  the 
proper  size  and  has  the  required  taper.  As  the  billet  passes 
through  the  first  groove,  it  is  seized  by  a  man  at  the  back 
and  passed  over  to  a  man  in  front.  The  work  passes 
between  the  rolls  with  the  large  end  first,  passing  once 
through  each  groove,  except  the  last,  through  which  it  i 
passed  twice;  the  work  is  given  a  quarter  turn  between  each 
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two  passes.     As  soon  as  the  barrel  is  rolled  to  si/.e,  it  is 
made  the  proper  length  by  sawing  off  the  ends. 

8.     SIMM -i:ii    <.r:i.i.ci    i:<»iiing. — A  pair  of  graded  rolls 
fitted  with  dies  for  special  forging  work,  on  either  hot  or  cold 
metal,  is  shown  in  Fig.  7.     These  rolls  are  provided  with 
nuts  and  collars,  between  which  the  rolling  dies  are  clan 
The  dies  can  be  removed  and  changed  at  will,  so  that  a 

ty  of  work  can  be  done  on  one  pair  of  rolls.     The  rolls 
turn  so  that  the  work  is  run  toward  the  operator,  and,  as  the 
dies  do  not  extend  over  the  entire  circumference  of  the  rolls, 
the  metal  is  passed  between  them  at  the  time  in  the  revolu- 
tion when  the  dies  are  out  of  the  way.     The  work  is  loc 
by  guides,  which  control  its  position  both  vertically  and  hori- 
zontally.    WheH  rolling  hot  metals,  the  location   is  c 
mined  by  a  stop  a  on  the  tongs,  Figs.  7  and  s.     It  will  be 
noticed  that  this  is  simply  a  clamp  screwed  to  the  ton^s,  it 


FIG.  8 

is  brought  against  a  guide  fastened  to  the  front  of  the  rolls, 
to  show  how  far  the  iron  should  be  pushed  in  between  the 
rolls.     Sometimes  the  end  of  the  tongs  strikes  the  guide 
this  serves  to  locate  the  work.     After  the  work   has 
placed  in  position,  the  revolving  dies  catch  and  roll 

it  toward  the  operator.  As  soon  as  the  dies  leave  the  piece, 
the  operator  puts  it  in  position  for  a  second  pass  through  the 
rolls,  either  giving  it  a  quarter  turn  and  returning  it  through 
the  same  groove,  or  giving  it  a  quarter  turn  and  placing  it 
in  the  next  groove;  in  this  way  the  work  is  continued  until 
completed.  In  the  m.  Mown  in  the  illustration,  there 

are  three  grooves,  and  the  work  is  given  two  i  the 

groove,  two  in  the  second,  and  three  in  the  third  gn> 

In    Fig.  9  is   shown   the  .  ,f  the   machine    shown   in 

Fig.  7.     In  tl,  are  clamped  between  the 

f>,  b  and  the  coll..  -i  the  other  ends  of  the  rolls. 

The  work  d  is  shown  in  position  ready  for  the  dies  to  grip  it 
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as  they  come  around  to  the  proper  point;  the  arrows  show 
the    direction    in  which   the  rolls  are  turning.     A  pet 
arrangement  of  gearing  is  used  for  driving  these  rolls,  which 
admits  of  the  adjustment  of  the  distances  between  the  r 
this  is  accomplished  by  driving  the  top  roll  by  a  train  of 


FIG.  9 

three  gears,  one  being  an  idler  swinging  about  one  of  the 
others  and  meshing  with  both. 

9.  Screw-Thread  Rolling. — The  threads  on  wood 
screws,  track  bolts,  machine  screws,  and  many  other  screws 
and  bolts,  from  small  sizes  up  to  li  inches  in  diameter,  are 
frequently  rolled  on  the  cold  rod  stock  or  on  headed  blanks. 
The  thread  is  formed  by  rolling  the  stock  between  suitable 
dies,  with  sufficient  pressure  to  force  the  material  out  of  the 
grooves  to  form  the  thread  points.  That  is,  the  cold  metal 
is  caused,  by  the  pressure  on  the  dies,  to  flow  from  the 
bottom  of  the  spaces  and  form  the  full  thread.  It  is  in 
reality  a  cold-forging  process. 

Fig.  10  shows  how  the  metal  is  displaced  by  the  dies  to 
form  the  thread  on  the  bolt  a;  the  dotted  line  be  shows  how 
deep  the  dies  press  into  the  stock,  and  also  how  the  diameter 

.r.3B  —  33 
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is  increased  on  account  of  the  thread.    As  the  finished  thread 
must  have  a  definite  diameter,  it  is  very  important  that  the 
k  used  should  be  of  the  right  the  stock  is  large 

the  screw  will  be  too  large, 

o  small  the  screw  will  either 
be  too  small  or  the  threads  will 
not  be  perfect. 

In  the  screw-thread  rolling  ma- 
chine, the  dies  are  pl;;  hown 
in  Fi-r.  1 1 ,  with  the  moving  die  at  a 
and   the   stationary  die  at  b\    both 
are    clamped    in    place    with 
their  cutting  faces  vertical.     At  t 
iown  a  blank  just  about  to  be 
started   between  the  dies  by  the 
pusher  r/,  which  is  operated  so  as 
to    start   the    blank    into   the   dies 
when  the  moving  die  has  reached  the  right  point  in  i: 
The  stationary  die  is  held  in  place  in  the  machine  frame,  while 
the  moving  die  is  attached  to  a  head  that  slides  back 
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n 

forth  past  the  stationary  die,  and  is  operated  by  a  crank  on 
a  shaft  that  receives  its  power  from  a  belt.     The  moving 
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head  slides  between  guides  that  keep  the  dies  at  the  proper 
distance  apart.  The  bolt  or  screw  blank  is  placed  between 
the  dies  in  a  vertical  position  and  is  held  during  the  threading 
process  by  the  pressure  of  the  dies.  In  forming  the  thread, 
the  blank  rolls  from  one  end  of  the  stationary  die  to  the  other 
and  then  drops  out  of  the  machine  with  a  finislu-d  thread. 

The  threads  on  the  dies  are  laid  off  at  an  angle  as  shown 
in  Fig.  12,  which  is  a  die  for  forming  a  right-hand  tin 


FIG.  12 

The  length  of  the  die  is  about  three  or  four  times  the  cir- 
cumference of  the  blank  so  that  the  screw  will  turn  around, 
between  the  dies,  about  that  number  of  times  in  forming 
the  thread. 

Screw  threads  are  rolled  on  many  other  small  pieces,  the 
material  being  either  hot  or  cold,  depending  on  the  size  and 
character  of  the  article.  The  rolled  thread  is  claimed  to  be 
much  stronger  than  a  cut  thread,  but  it  is  exceedingly  difficult 
to  keep  dies  in  shape  for  rolling  threads  on  hot  stock;  hence, 
this  process  is  used  mostly  for  rolling  articles  cold,  and 
having  no  sharp  corners  in  their  cross-section. 

10.  Bending  Rolls. — In  shops  where  large  curved 
work  is  made,  a  set  of 
bending  rolls  is  nec- 
essary. It  consists  of 
three  rolls  so  arranged 
that  one  of  them  can  be 
pressed  down  between 
the  other  two.  A  plate 
of  metal  passed  through 
these  rolls  will  be  forced 

into  cylindrical  shape  by  Flo  13 

the  action  of  the  central 
roll  on  the  other  two.    Such  rolls  are  also  frequently  arranged 
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for  bending  angles,  or  other  structural  shape 

tion  through  a  set  of  bending  rolls  for  bending  p 
into  cylindrical  form. 

The  roll  </,  called  the  Uniting  roll,  is  usually  driven  by  a 
belt  and  pulley,  or  by  gears;  the  rolls  t>  and  c,  called  the 
pinching  rolls,  maybe  geared  to  the  roll  a.  At  ,/  is  shown  a 
>n  of  the  plate  being  rolled.  The  rolls  are  adjustable  so 
that  cylinders  of  different  diameters  may  be  rolled;  some- 
times the  ends  of  the  rolls  may  be  adjusted  separately,  so 
that  conical  pieces  can  be  rolled. 
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11.  ]i<>:ir<i  Drop  Hammer. — A  drop  hammer  is  any 
hammer  in  which  the  striking  die  is  fitted  in  the  face  of  a 
hammer  head  working  between  guides,  and  so  arranged  that 
it  can  be  raised  and  then  allowed  to  fall.  One  of  the  most 
:non  forms  of  drop  hammer  is  known  as  the  h«»anl  drop 
hummer,  one  form  of  which  is  illustrated  in  Fig.  11. 

The  hammer  head  a  and  board  b,  to  which  it  is  attached, 
rise  and  fall  together.  Friction  rolls  on  :e  of  the 

board  are  attached  to  shafts  carrying  pulleys  </,  ,/  turning  in 
opposite  directions  and  run  by  belts  in  the  directions  shown 
by  the  arrows.  The  friction  rolls  are  thus  run  continuously 
in  the  directions  required  to  raise  the  board,  but  in  their 
normal  position  they  just  clear  the  board.  The  rod  e 
operates  a  cam  that  moves  the  roller  c  toward  the  other 
roller  and  grips  the  board  so  as  to  raise  it  and  the  hammer. 
The  lever  /  is  connected  by  a  strap  g  to  the  foot  treadle  //, 
which  is  also  attached  to  the  rod  /.  and  thus  I  the 

latch  /. 

When  not  in  use,  the  hammer  head  is  usually  held  up  by 
the  latch  /,  which  is  placed  at  about  the  highest  point  from 
which  it  is  desired  to  have  the  hammer  drop.  When  it  is 
desired  to  strike  a  blow,  the  tr  d,  pulling  out 

the  latch  /,  holding  up  the  rod  c  and  keeping  the  roll* 
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thus  permitting  the  hammer  to  fall.  The  treadle  is  then 
released,  and  springs  pull  it  up,  allowing  the  rod  e  to  fall, 
clamp  the  rollers  together  on 
the  board,  and  raise  it.  If  it  is 
not  desired  to  strike  another 
blow,  the  hammer  strikes  the 
dog  k  as  it  xises,  raising 
the  rod  e,  releasing  the  board 
from  the  rolls  and  allowing 
the  weight  to  drop  to  the 
latch  y,  where  it  remains  sus- 
pended. Light  and  heavy 
blows  can  thus  be  struck  with 
this  hammer  by  releasing  the 
board  at  the  desired  point. 

12.  Crank  Drop  Ham- 
mer.— A  very  common  form 
of  crank  drop  hammer  is 

shown  in  Fig.  15.  In  this 
type  of  hammer,  the  lifting 
mechanism  is  arranged  in 
such  a  manner  as  to  rotate 
the  crank  a,  thus  lifting  the 
hammer  head  #  by  means  of 
the  ropes  c,  or  by  a  leather 
strap.  The  mechanism  is 
driven  by  a  belt  on  the  pul- 
ley d,  on  the  shaft  carrying 
the  pinion  h  that  drives  the 
gear  i.  A  clutch  e  is  so  con- 
structed as  to  raise  the  ham- 
mer after  each  stroke  and 
hold  it  in  its  highest  posi- 
tion until  the  treadle  /  is  de-  Fu.  14 
pressed.  The  treadle  /  is 

connected  through  the  rod^,  to  the  clutch*.     By  leaving  tl 
treadle  depressed,  the  hammer  will  strike  successive  blows. 


m  i.-. 
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13.  Comparison  of  Board  ami  Crank  Drop  Ham- 
mers.— Board  and  crank  drop  hammers  have  a  number  of 
points  that  distinguish  them  from  each  other.  In  general,  a 
board  drop  hammer  strikes  a  quicker  or  sharper  blow  for  the 
same  weight  of  hammer  head  and  same  height  of  drop.  The 
blow  of  the  board  drop  hammer  may  also  be  quickly  regu- 
lated by  varying  the  height  of  the  drop. 

The  crank-lift,  rope-lift,  or  strap-lift  drop  hammer,  as  it  is 
variously  known,  is  largely  used  for  bending,  shaping, 
straightening,  and  welding.  These  hammers  are  used  very 
'extensively  by  the  manufacturers  of  agricultural  implements, 
and  also  by  malleable-iron  companies.  The  crank  mach 
have  an  advantage  in  the  lifting  arrangement  because  the 
board  drop  hammer  depends  on  friction  for  lifting  the  ham- 
mer, while  with  the  crank  drop  hammer,  the  lifting  is  positive. 
The  board  and  gearing  are  expensive,  so  that  a  crank  machine 
of  a  given  capacity  and  weight  of  drop  will  cost  less  than 
a  board-operated  machine.  The  advantage  of  the  lift- 
ing device  is  not  of  much  importance  in  the  case  of  light 
work,  but  for  manufacturing  where  large  forming  dies  are 
used,  it  is  a  point  well  worth  considering.  As  a  rule,  the 
crank  machine  is  simpler  and  requires  less  skill  for  its  opera- 
tion; hence,  it  is  preferred  for  rough  work.  It  is  also  used 
very  extensively  for  forging  soft  metals  cold,  as  in  making 
spoons,  watch  cases,  and  similar  work. 

In  many  classes  of  work,  it  is  absolutely  necessary  that 
the  hammer  head  or  drop  should  fall  from  two  or  more 
heights,  in  order  to  strike  light  or  heavy  blows  when 
forging;  and  sometimes,  as  the  work  is  turned  from  side 
to  side,  these  light  and  heavy  blows  must  alternate.  For 
such  work  the  crank  hammer  is  not  suitable,  and  it  is 
necessary  to  use  a  board  drop  hammer.  In  fact,  for  the 
general  run  of  light  forging,  especially  where  the  dies  are 
frequently  changed,  the  board  drop  hammer  is  generally 
considered  the  better. 

14.  Strap  and  Pulley  Drop  Press.— In  the  presi 
shown  in  Fig.  16  the  weight  is  lifted  by  pulling  on  a  strap 
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that  passes  over  a  constantly  rotating  pulley;  this  is  known 
as  a  strap  ami  pulley  drop  pn-^.  The  pulley  b  is  kept 
rotating  constantly  by  a  belt  on  the  pulley  </,  and  whe:. 

end    of    the    strap   e 
is  hanging  loose  the 
friction  on  the  pulley 
is  not  sufficient  to  lift 
the  weight.     \\ 
the    operator    brings 
pressure  on  tl 
either  by  pushing  his 
foot  down  in  the  stir- 
rup at  for  by  gripping 
the   strap   higher    up 
with  his  hand  and  pul- 
ling   down,    the    fric- 
tion of   the 
the  pulley  b  is  in- 
creased to  such  ;t; 
tent  that  the  hammer 
head  is  lifted.     When 
the  head  reaches  the 
red  elevation  tin- 
ion  on  the 
is  relieved,   allowing 
it  to  slip  over  tin 

:ie   pulley  as   tin- 
head  falls. 

The   poppets, 
shown    at   a, a,    are 
Used  for  the  pur; 
of  holding  the  !<• 
die   in   place   on    the 
liase.    Ti 

with  long  shanks  that 
fit  holes  in  the  base  of  the  press,  and  with  adjusting 
screws  through  the  upper  parts  for  locating  and  holding 
the  die. 
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15.  Steam  Drop  Hammer. — The  steam  drop  hammer 
is  illustrated  in  Hammer  Work.  It  is  usually  much  more 
expensive  to  install  than  the  board  or  crank  drop  hammer; 
it,  however,  possesses  many  of  the  advantages  of  the  board 
drop  hammer,  especially  the  advantage  of  the  variable 
blow,  due  to  the  provision  for  changing  the  height  of  the 
drop.  The  steam  drop  hammer,  however,  has  one  sp< 


FIG.  17 


advantage  that  is  not  shared  by  either  of  the  others,  and  that 
is,  that  steam  may  be  used  for  driving  the  piston  down  m< 
rapidly,  and  hence  an  exceedingly  quick  and  powerful 
can  be  struck;  also,  the  piston  may  be  let  down  slowly  until 
the  upper  die    comes  in    contact  with    the  work,  when 
steam   pressure  is    suddenly   applied   and   the   die- 
together  with  a  slow  uniform  pressure,  as  in  tin-  ct 
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ordinary  power  press.     The  work  may  then  be  finished  by 
one  or  two  blows  of  the  hammer;  in  other  words,  the  steam 
drop  hammer  is  capable  of  a  wider  range  of  work  than  either 
of  the  others,  but  as  a  rule  it  requires  a  somewhat  h 
degree  of  skill  in  the  operator. 

HI.     strain    Drop   Prrss.  —  There  is  a  lar^;  v  of 

work  that  must  be  pressed  to  bring:  it  approximately  to 
shape,  and  then  a  few  sharp  blows  from  a  hammer  must 
be  struck  to  finish  it.  The  strain  <lrop  prrss,  which 
closely  resembles  the  steam  drop  hammer,  has  been  brought 
out  to  meet  this  demand.  One  form  of  drop  press  is  shown 
in  Fig.  17.  The  lower  die  is  held  in  place  on  the  base  a  by 
the  poppets  b,  which  extend  through  the  base  and  are 
secured  by  keys  below.  The  head  c  that  carries  the  upper 
die,  and  moves  between  the  guides  </,  d1  ',  may  be  allowed  to 
fall  by  gravity  or  may  be  forced  down  by  steam  or  air 
pressure  acting  on  a  piston  in  the  cylinder  e.  The  lever  / 
operates  the  piston  valve  in  the  valve  chest  g,  and  also 
moves  the  latch  h  out  of  the  way  when  starting  the  head 
from  its  highest  position,  where  it  is  held  by  the  latch  when 
the  press  is  not  running.  This  type  of  press  is  used  for 
large  thin  work,  such  as  dish  pans,  where  the  work  is 
pressed  into  shape  and  then  finished  by  two  or  three  quick 
blows. 


»-ii  \MMII; 
17.      M;it«  ri;iU     t   -«  d     for     I  Imp-Ham  nirr     Dlrs.  —  In 

place  only  a  few  forgings  are  produced,  the  die^ 

frequently  made  from  a  close-grained  cast    iron,    the    : 
being  cast  to  approximately  the  correct  form  and   finished 
with  a  file  or  a  scraper.     Large  formin 
so  perfect  that  practically  no  finish  was  required.     Cast 
dies  are  sometimes  made  with  chilled  faces  to  increase  their 
hardness  and  wearing  qu  dies  for  making 

large  quantities  of  dt:  <>rk  are  made  from  steel,  lioth 

steel  castings  an  being  very  largely  used. 

In  most  cases  these  are  cast  or  forged  smooth  on  the 
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and  the  desired  forms  cut  in  them  by  milling,  routing, 
chipping,  and  scraping.  In  cases  where  a  very  large  am 
of  work  is  to  be  done,  one  or  both  of  the  dies  are  hardened 
by  heating  them  to  a  cherry  red  heat  and  immersing  them 
in  a  bath  of  water  or  brine.  These  dies  must  afterwards  be 
tempered  to  make  them  less  brittle  and  relieve  the  internal 
stresses. 

18.  Drop-Hammer  Die  Fastenings. — The  manner  of 
fastening    drop-hammer    dies    depends   somewhat    on    the 
character    of    the   work    being   done..     For   heavy   forging 
operations  the  dies  are  usually  fastened  with  two  keys,  one 
on  each  side  of  a  dovetail  or  feather  on  the  back  of  the  die. 
Sometimes  two  slightly  tapered  keys  having  straight  sides 
are  driven  from  opposite  directions,  but  on  the  same  side  of 
the  die,  so  as  to  clamp  the  die  with  an  even  parallel  bearing 
on  both  sides.     Crimped  steel  keys  are  also  driven  on  both 
sides  of  the  die  and  bearing  at  a  series  of  points;  they  act 
as  powerful  springs,  and  insure  a  large  number  of  contact 
points,  while  if  the  die  is  slightly  out  of  shape,  as  is  usually 
the  case  after  it  has  been  used  some  time,  a  straight  key 
bear  at  but  one  point.     For  light  work,  with  forming  dies 
operating  on  thin  metal,  either  hot  or  cold,  the  lower  die  is 
usually  held  by  means  of  poppets.    The  use  of  these  poppets 
permits  considerable  adjustment  of  the  die;  but  they  would 
not  be  strong  enough  to  hold  the  dies  in  place  for  heavy 
forging.     In  the  hammer  shown  in  Fig.  17,  the  lower  die  is 
supported  on  the  flat  plate  or  anvil,  and  is  held  in  place  by 
the   poppets    only.     In   the   hammer   shown   in  Fig.   15,  a 
pocket  j  is  formed  in  the  anvil  face,  so  that  a  suitable  pro- 
jection on  the  die  may  fit  into  this  pocket  and  thus  aid  in 
keeping  it  in  its  proper  position. 

19.  Form   of  Drop-Hammer  Dies. — The   form  of  a 
pair  of  drop-hammer  dies  depends  on  a  number  of  important 
factors.    If  the  work  being  forged  is  of  circular  cross-section, 
and  so  formed  in  relation  to  its  axis  that  the  piece  can  be 
revolved,  as,  for  instance,  the  handle  shown  in  Fig.  18  (a), 
the  forging  dies  will  be  made  as  shown  by  the  cross-section 
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in  Fig.  18  (£).     The  form  in  both  dies  corresponds  to  the 
form  to  be  given  to  the  work,  but  the  corners  a  are  rounded, 
instead  of  being  sharp  like  the  corners  c,  d,  so  as  oof  t 
the  work.     By  rotating  the  work  as  it  is  being  forged,  it  will 
finally  be  brought  to  the  desired  circular  cross-section,  as 
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indicated  by  the  dotted  circle  at  b,  and  there  need  be  n<>  fin 
or  burr  on  the  finished  forging. 

In  the  case  of  work  that  is  not  round  in  cross-section,  or 
which  does  not  have  a  straight  axis,  it  is  impossible  to  turn 
the  piece  in  the  die,  and  hence,  it  must  be  forged  to  shape 
without  rotation.  Dies  are  made  that  can  be  used  for  a  series 
of  impressions  or  operations,  some  parts  of  the  di< 
on  the  edges,  and  others  on  the  faces  «>f  the  work.  The 
finishing  die  always  squeezes  out  a  fin  on  the  edge  of  the 
work,  as  shown  in  Fig.  19  (a).  The  fin  formed  on  drop- 
forged  work  is  known  as  the  flash,  and  provision  is  usually 
made  for  it  by  a  groove  in  the  die,  as  shown  at  a,  Fig.  It)  (£). 

In  laying  out  drop-hammer  dies,  great  care  must  be  taken 
to  see  that  the  operation  performed  in  each  of  the  successive 
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stages  leaves  sufficient  stock  for  the  finishing  operations. 
The  volume  of  the  successive  dies  is  frequently  checked  by 
placing  each   pair  of  dies  face    to  face    and  using  them    as 
molds  for  making  lead  casts  of  the  spaces  between  tl. 
By  measuring  these  lead  casts  and  comparing  their  wci; 
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a  very  good  idea  of  the  volume  of  the  successive  openings 
or  spaces  between  the  dies  can  be  ascertained. 

20.     Example    of    Drop-IIammer    Die    Work. — The 

process  of  drop  forging  is  illustrated  by  the  making  of  an 
ordinary  open-end  wrench,  shown  in  Fig.  20.  A  bar  of  suit- 
able size  to  form  the  piece  is  selected  and  a  portion  broken 
down  under  a  power  hammer,  or  between  suitable  drop 


ging  dies,  so  as  to  leave  sufficient  material  for  the  head, 
while  the  handle  is  narrowed  somewhat.     The  dies  for  doing 
the  work  are  shown  in  Fig.  21.     The  piece  is  first  placed  i 
the  die  opening  «,  which  will  form  it  as  shown  at  /,  the  em 
of  the  die  acting  as  a  fuller  to  spread  the  stock  for  the  head. 
The   work   in   all   cases   is    held    by  the    projecting 
After  the  piece  has  been   struck   one   <>r  two  blows  in  the 
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opening  a,  it  is  placed  in  the  opening  b,  ;r 
successive   blows.     This    brings  the   entii  h   to   the 

finished  form,  except  for  the  i:  \\\  at  //  in  the  piece  at 

the  right  of  the  dies,  the  wr<  :\g  shown  at  #.     The 

piece  is  now  placed  in  the  cutting-out  die  c  and  struck  b. 
punch  d.     This   drives    tin-   wrench    in: 

which  it  is  removed  Cl  :n^r  the  Hash  on  the  top  of 

the  die   block.      Tlie  end  /•  is  then  cut  pair 

which  completes  the 

-I.     As  a  rule,  small  work  having:  a  circular  tion 

is  forged  under  a  drop  hammer,  although  this  class  of  work 
is  also  frequently  made  under  a  power  hammer.     Th< 
that   the   hammer   head  of  the  drop  hammer    : 
guided,  however,  makes  it  possible  t<>  produce  more 
work  in  the  drop  hammer  than  in  the  ordinary  power  hammer. 
Frequently,  machine  handles  of  various  forms,  pun 
similar  pieces  are   forged   to  finished  sixes  under  the  drop 

•ttly  .oni 

Thi-  plished  by  rotating  the  work  under  the  hammer 

and  forcing  until  the  Hat  faces  ot  the  hammer  dies  strike 
-.      In  order  to  produce  a  good   finish,  water  is   th 
on  the  work  during   for^in^  and   tl  ng  continued  until 

the  iron  cools  to  a  black  heat;  the  result  is  a  smooth  blue- 
black  finish. 

DKOP-H  \MMI    K      I  01    M)  A  I  IONS 

22.     Elastic    i  onmlut  ion^.-    As   it   takes  some  appre- 
ciable time  for  tl  tc  t«»  the  center  of  a  i 
of   metal,    drop   hamr  witli    an 
elastic  foundation.                                  lias  tin-  cti'ect  of  distrib- 
uting the  force  of  the  blow  over  a  longer  period  of  ti 
thus                  it  to  penetrate  deeper.     Such  a  foundation  is 
usually  made  of  larg«                       retnlly  BI                -id  made 
to  fit  each  other  quite                  iv.  as  ^ho\vn  in   V\^.  22. 
anvil  a  is  then  placed  on  the  foundation,  usually  with  a 
of  leather  belting  or  a  rubber  pad  between  the  top  oi 
timber  and  the  base  of  the  anvil.     The  bottom  of  the  timl 
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should  be  bedded  in  concrete  to  insure  an  even  bearing. 
While  this  style  of  foundation  has  been  used  quite  extensively, 
its  great  cost  and  the  expense  of  renewal  are  factors  that 
tend  to  bring  it  into  disfavor. 

Elastic  foundations  have  been  made  by  placing  the  tim- 
bers for  the  foundation  in  a  vertical  position.  A  log  large 
enough  in  diameter  to  receive  the  anvil  on  its  top  and  to 
enter  the  ground  6  or  8  feet,  is  sometimes  preferred.  The 
hole  is  dug  1  foot  deeper  than  is  necessary  to  receive  the 
log.  A  foot  of  concrete  is  then  placed  in  the  bottom  of 
the  hole,  and  the  log  bedded,  in  a  perpendicular  position,  on 
top  of  this.  For  light  drop 
hammers,  a  large  flat  stone 
is  sometimes  placed  under 
the  bottom  of  the  log. 
The  space  about  the  log  in 
the  hole  should  be  filled 
with  earth  well  tamped  into 
place;  the  top  of  the  log 
should  be  trimmed  off  to 
a  true  horizontal  surface. 
In  the  case  of  hammers 
with  openings  in  the  center 
of  the  anvil,  it  is  neces- 
sary to  cut  a  depression  in 
the  center  of  the  top  of  the 
log,  with  a  groove  lead- 
ing to  the  outside  to  allow 
scale  and  dirt  to  pass  off  without  accumulating  under  the 
anvil.  When  a  log  large  enough  for  the  anvil  cannot  be 
obtained,  several  timbers  may  be  bolted  together  to  for 
block  of  sufficient  size.  Chestnut  or  oak  timbers  are  said 
to  be  the  best  for  drop-hammer  foundations.  For  hammers 
with  drops  weighing  1,000  pounds  or  more,  a  masonry  foir 
tion  is  recommended  by  some  builders.  A  hoi  I  dug 

10  to  14  feet  deep,  and  the  masonry  built  up  to  within  4  feet 
of  the  top.  On  top  of  the  masonry,  oak  timbers  4  feet  long 
standing  on  end  are  arranged,  and  bolted  closely  together. 


FIG.  22 
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The  space  around  the  timbers  is  then  filled   with  concrete; 
the  anvil  is  set  on  top  of  the  oak  timbers,  as  in  the  case  of 
the  foundations  already  mentioned.     In  some  cases, 
foundations  are  built  up  to  within  an  inch  or  so  of  the  anvil, 
and  a  thick  rubber  or  leather  pad  placed  under  the  anvil. 


T 


-    "- 


2X.     -..li.i    l  oniHi.-.tion-.  :    the    leading   manu- 

facturers   of    drop    hammers    recommends    the    foundation 
shown   in  Fig.  23.     I  i^ging  a  hole   of   the 

required  depth,  and  lining  it  with  planks,  as  shown.     The 
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space    inside    of    tin.-    planks    is    then    filled    with    con, 
The  following   proportions   for   the  composition   of   tin 
crete  are  rccomn  •  hn-e  !>;•.•  .   two  1... 

of  gr  1  one  barrel  of  ct  •  T«>  tin-  v. 

mixing  the  cement,  two  quarts  of  sodium  silicate  an-  added 
Table    I  be    dimensions   of    tin-    foundar 

!its  of  the  drop,   gnu-rally   called    tin-   weight    of   the 
hammer. 

The  dii  for  the  foundation  of  any  hammer  are  found 

in  the  same  horizontal  line  as  the  weight;  the  letters  at    tin- 
head  of  the  columns  o  1  to  those  in  ] 

-.ndations  of  this  kind  have  been  Iniilt  without  using  any 

60  the  anvil  and  the  conrn-ir.  with 
ults. 

*JI.      Comparison      of      I  >rop-I  lainmer      l-'ou  ndat  ions. 
It  has  been   found   in  that    when   the  anvil 

hammers  are  light,   it   is  necessary  to  use  clastic  foundations 
;ie  force  of  the  blows  will  cause  the  foundations  to  yield. 
In  the  case  of  a  large  steam  hammer  installed  by  the  Beth- 
lehem  Steel  Company,   the  first   foundation,   which  was  made 
•:iber.  had  very  little  elasticity.      This  foundation  yielded 
SO  that  it  had  to  be  rebuilt .      T'  1  foundation  was  made 

elastic   by   placing  wooden   shavings  and   brush   beneath 
:id  no  further  trouble 

ade  heavy  enough,  it  will  not  have  tin 
move  away   from   the  work   before   the   hamm< : 

.md  hence  an  -undation  would  not  relieve 

the    blow.      With    a    relatively    light    anvil,    the 
spring    of    an  loundation    allows    the    anvil    1o    T, 

the  blow   is  delivered,   and   thus  ; 

the   blow;  but  it   is  only   on    large   work    that    i;  ially 

.ble  to  obtain  th: 

found  that  with  a  solid  foundation  of  sufficient 

can    be    done    with    a 

iily    al>out    one-half    t1  red    with    an 

foundation       The    short  'lie    ham- 

•    minute   than    when    operating 
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with  a  higher  drop.     Hence,  a  greater  amount  of  work  can 
be  turned  out. 

It  has  been  found  also  that  when  the  solid  foundation  is 
used,  practically  no  repairs  are  necessary,  and  a  much  greater 
number  of  hours  work  can  be  done,  per  year,  by  a  given 
hammer.  It  is  an  interesting  fact  that  wherever  the  solid 
foundations  have  been  adopted,  and  the  height  of  the  drops 
properly  adjusted,  their  use  has  not  been  abandoned. 

FORGING  PRESS  WOKK 


SHEARS 

25.  iLever  Shears. — For  cutting  bars  to  length,  and  for 
cutting  up  scrap,  a  lever  shear  of  the  form  shown  in  Fig.  24 
is  very  useful.  The  stock  is  cut  off  between  the  shear 
d 


FIG.  24 

blades  a,  b,  the  lower  one  of  which  is  stationary  and  the 
other  is  attached  to  the  short  end  of  the  lever  c,  the  long  end 
being  moved  by  a  crank  or  cam.  In  the  shear  shown,  two 
flywheels  dy  d  are  placed  on  the  main  driving  shaft,  so  that 
their  inertia  will  assist  in  operating  the  shear  and  enable  it 
to  cut  heavier  stock;  also,  the  bar  will  be  gripped  on  one 
edge  first,  and  the  cutting  proceed  from  one  side  to  the  other. 
This  enables  the  shear  to  cut  much  larger  stock  than  would 
be  possible  if  the  cutting  edges  of  the  blades  were  to  strike 
both  sides  of  the  bar  along  the  entire  width. 
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•_'»;.     v«Tti..ii  -For  cutting  bars,  narrow  pi; 

etc.,  the  shear  shown  in  Fig.  2">  is  quite  frequently 
One  advantage  of  this  type  is  that  it  takes  up  K  than 

the  lever  The  shear  blades  a,  b  are  arranged  much 

i   the   K".  '    that    the   ir  b  is 

attached  to  a  head,  or  ram,  that  descends  in  a  straight  line 


25 

ng    about  a   pivot,   as    in    the    lev- 
It  will  be  noticed  that  the  blade  b  is  set  at  an  angle  to  the 
blade  a,  so  as  to  cause  the  cutting  to  proceed  from 
to  the  other.     This  is  known  the  At*  I 

The  operating  parts  are  so  arranged  that  when  the 
is  released,  the  head  will.  »  the 
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top  of  the  stroke  and  remains  in  that  position  while  the  shear 
is  out  of  use.  The  pressure  of  the  foot  on  the  treadle  c 
throws  in  the  clutch  d,  connecting  the  head  with  the  driving 
mechanism  and  causing  the  shear  to  descend  and  continue 
to  operate  until  the  treadle  is  released.  This  also 

provided  with  a  flywheel  e,  to  increase  the  effectiveness  of 
the  machine  by  storing  up  energy  between  cuts  and  giving 
it  up  to  the  shear  when  cutting.  Sometimes  the  shear 
blades  a,  b  are  turned  at  right  angles  to  the  position  shown 
in  Fig.  25.  This  is 
usually  done  with 
shears  intended  for 
trimming  the  edges 
of  wide  plates.  Spe- 
cial shears  are  also 
made  for  cutting  off 
angles  and  other 
structural  or  rolled 
shapes. 


PRESSES    AND 
PUNCHES 

27.     Vertical 
Press  or  Punch. 

Vertical  presses  or 
punches  are  used 
either  for  forming  or 
shaping  metal,  or  for 
punching  holes  or 
openings  in  metal 
that  is  usually  worked 
cold.  One  common 
form  of  press,  shown 
in  Fig.  26,  is  driven 
by  a  belt  on  pulley 


Fi... 


which  drives  the  gear  b  continuously.     By  depress 
treadle  rf,  the  clutch  c  is  thrown  into  action  and  the  head 
driven  down  by  the  eccentric  /.     The  upper  die  is  attached 
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to  the  lower  face  of  the  head  <*,  and  the  lower  die  is  carried 
on  a  block  h  that  fits  over  the  opening  .f.     In  order  to  adjust 
properly  the  height  of  the  dies  to  suit  the  \ 
nut  is  provided  at  /.     The  design  of   many   ;  this 

press  varies  with  the  use  to  which  it  is  to  be  put.  In  some 
cases  it  is  not  necessary  to  have  the  large  opening  shown 

this  is  especially  true  in  the  case  of  nine) 
punching  ri\v  <>nly.     When  it  is  desired  to  work 

wide  stock,  the  throat  of  the  machine  at  k  is  made  deep,  that 

is,  the  upper  part  of  the 
machine  overhangs  far 
enough  to  ta  ^tock 

and  allow  it  to  project  into 
the    throat.      Machine 
this   type  are   also   s« 
times    driven    by    an 
trie  motor  mounted  on  the 
frame.     For  very  large  or 
broad  work,  t  ^  /,  m 

for  the  head  are  freqr.t 
mounted  in  separate  hous- 
ings,   and    two    or    more 
eccenttir  i     for 

operating  the  head. 

28.     Inclined  I1  !•«•-.-.« •-.. 
In  the  form  of  press  shown 
in     Fig.   1M.   the    lini- 
work    passes    out    of    the 
by  falling  through  the 
opening  .c-    t«»    the    B 
unless  some    such    n 
is  provided  the  work  must 
be  remo\  a  the  dies 

by  hand.  The  inclined  press  shown  in  Fig.  '27  has  been  found 
convenient  for  discharging  the  finished  work.  The  table  a 
can  be  set  at  any  desired  angle  by  adjusting  the  nut  b.  The 
stock  is  passed  into  the  machine  from  the  front,  and  the 
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finished  work  slides  out  through  the  opening  c  at  the  back 
and  accumulates,  or  drops  into  a  box,  behind  the  machine. 
In  other  respects,  this  press  is  similar  to  the  one  already 
shown.  

HORIZONTAL,    PRESSES 

29.  Bulldozers.— The  bulldozer  is  a  horizontal  press 
for  performing  bending,  forging,  and  welding  operations. 
One  of  the  most  common  forms  is  shown  in  Fig.  28.  In  the 
illustration,  a  pair  of  dies  a,  b  is  shown  in  position  for  bend- 
ing the  piece  of  work  /.  The  movable  die  b  is  attached  to 
the  ram  d  which  is 
driven  by  the  connec- 
ting-rods c,  c.  These 
machines  are  made  to 
be  driven  by  a  belt, 
engine,  or  electric 
motor,  and  are  used 
for  a  very  large  vari- 
ety of  work,  especi- 
ally for  such  work  as 
the  forgings  for  car 
trucks,  for  agricul- 
tural implements,  etc. 
An  almost  endless  va- 
riety of  work  can  be  done  on  them,  including  forging  and 
welding.  The  stock  is  generally  put  in  the  dies  hot,  and 
in  most  cases  simple  dies  similar  to  those  shown  in  Fig.  28 
are  used.  For  bending  some  forms,  however,  it  is  necessary 
to  use  compound,  or  winged,  dies.  A  set  of  these  fitted  for 
use  in  the  bulldozer  is  shown  in  Fig.  29.  The  die  d  is 
attached  to  the  stationary  head,  while  the  ram  is  attached  to 
the  movable  head.  The  block  a,  with  its  attached  wings  in 
the  positions  w'  w',  is  placed  in  front  of  the  block  d  and  the 
stock  b  laid  across  it.  As  the  ram  or  plunger  mo\ 
it  presses  the  stock  against  a  and  as  it  forces  a  into  the  die  d, 
the  wings  are  closed  into  the  position  shown  by  the  full  lines 
at  w,  w,  thus  bending  the  stock  b  against  the  sides  of  the 
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plunger.     This  arrangement  is  used  in  forming  a  strap  with 
two   right-angle   bends.     Dies    with   hinged   parts   are    tic- 


(a) 


FIG.  29 

quently  called  second-motion  <iic$>  and  in  many  cases  are  found 
very  convenient  for  irregular  work. 

30.     ExampN' <>f  Horizontal  Forcing:  Machine  WorU. 

.  MO  shows  an  example  of  the 
<>f  work  that  can  be  done 
on  a  horizontal  forging  machine. 
The  first  stage  is  shown  at  U). 
and  consists  of  bending  a  yoke 
over  the  end  of  the  bar.  T1 
of  the  bar  is  then  brought  to  a 
welding  heat  and  ed  or 

pressed    into    the     form     shown 
at  (£).      It  is  nr  to  trim  otT 

MS    from    a    piece     like   that 
shown    in    Fig.   'H   in  which   two 
squeezes  are  used  to  bring   it   to   the   required   form 


FlO.  30 


§62 


MACHINE  FORGING 


welding  it.     It   is,    therefore,   taken   to   the   anvil,  the   fin 
trimmed  off,  the  piece  dipped  into  water  for  a  momei 


remove  the  scale,  and  then  given  two  or  more  squeezes 
reversed  in  the  dies,  so  as  to  squeeze  it  first  in  one  direc- 
tion and  then  in  the  other. 


MACHINE  r<  >K<;I  55  t;i> 

Horizontal  forging  mac!  built  in  all  sizes,  to  take 

stock  from  i  inch  to  6  inches  in  d  machines 

are  used  in  most  cases  for  small  upsetting  or  heading, 
although  they  may  be  used  for  work  similar  to  drop-hammer 
work. 

.'II.     rnemiiatic  lor-in-  Machine.      1  n  order  to  com- 
bine the  advantages  of  the  hammer  and  the  press  in  the  same 
machine,    the    pneumatic    rm-iriuir    machine,    shown    in 
Fig.  31,  has  been  brought  out.     It  consists  of  a  he. 
iron  bed  that  carries  a  set  of  dies  at  one  end,  one  of  which,  </, 
is  operated  by  a  pneumatic  cylinder  b  situated  beneath  the 
end  of  the  machine.     The  work  is  introduced  between  the 
dies  a  and  c,  the  position  of  c  being  determined  by  the  screw  d. 
A  suitable  die    i^  attached  to  the  end  of  the  piston  rod  c  so 
that  it  can   be   brought   to   bear   on   the   side   of   the  v 
The  die  a  can  be  brought  up  so  as  to  strike  or  press  the 
work;  in  like  manner  the  die  attached  to  e  can  be  used  to 
press  or  to  deliver  a  blow.     By  using  suitably  designed  • 
similar  to  those  shown  in  Fig.  28,  almost  any  desired  form 
can  be  n 
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SPECIAL  FORGING   EQUIPMENT 

HEATING   FURNACES 

1.  As  heating  is  necessary  in  all  forging  work,  suitable 
furnaces  must  be  provided  in  connection  with  forging  opera- 
tions.    The  form  of  the  furnace  varies  with  the  nature, 

and  quantity  of  the  work  to  be  heated,  and  with  the  nature 
of  the  fuel  used;  in  many  cases,  one  form  can  be  used  for 
several  classes  of  work,  while  in  other  cases  each  class  of 
work  requires  its  own  special  form  of  furnace.  Gas-fired 
or  oil-fired  furnaces  are  now  preferred  to  those  fired  with 
coal  or  coke,  because  they  can  be  easily  controlled  so  as  to 
maintain  a  more  uniform  heat.  In  all  heating  furnaces,  the 
air  supply  should  be  so  regulated  as  to  produce  incomplete 
combustion  in  the  portion  of  the  furnace  where  the  heating 
is  done;  in  other  words,  there  must  be  no  excess  of  air 
present,  as  such  excess  will  oxidize  the  metal.  In  the  case 
of  heating  furnaces  using  solid  fuel,  it  is  necessary  to  pro- 
vide for  the  admission  of  air  beyond  the  heating  chamber, 
so  as  to  fully  burn  the  gases,  if  it  is  desired  to  prevent  the 
escape  of  smoke  from  the  chimney. 

2.  Small  Coke  Furnace.— For  heating  the  ends  of  bars 
to  be  worked  under  drop  hammers  or  in  forging  machines,  a 
small  coke  furnace,  like  that  shown  in  Fig.  1,  is  frequently 
used.     This  furnace  is  enclosed  in  cast-iron  plates,  the  front 
and  back   plates  a,  b  being  bolted  to  flanges  on  the  side 
plates  c,  d.     The  grate  bars  e  are  supported  on  bearing  bars 
placed  in  the  furnace  lining,  which  is  made  of  firebrick.     The 
ashes  are  removed  from  the  ash-pit  through  the  door  /,  and 
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the  blast  pipe  is  generally  inserted  into  the  ash-pit  through 
an  opening  in  the  plate  b;  a  pressure  of  from  4  to  12  ou 

is  maintained  in  the  pit.     A  bed  of  coke  is  kept  on  the  . 
bars  and  the  material  to  be  heate  ,  oke. 

The  opening  g  through  which  the  work  is  placed  in  the  fur- 
nace losed,  or  partly  closed,  by  a  firebrick -lined 
door,  sliding  between  the  vertical  guides  shown  at  the  ri^ht 
and  left  of  the  door.  The  ga  through  a  flue  con- 
nected with  an  opening  in  the  plate  /'.  While  tin-  work  is 
being  heated,  the  door  is  kept  closed  as  much  as  possible,  to 


prevent  any  inrush  of  cold  air  over  the  top  of  the  f; 

door  is  also  usually  provided  with  a  counterbalance  so  that  it 

can  be  raised  or  lowered  with  t 

3.     i;  i«.r\  i  ii rimi-i  .     Por  heating  lar^c  work, 

a  rev.  riMT.it <.r\  farnaoc  !,  usually  employed.     'I' 
is  placed  on  the  hearth  and  heated  by  the  hot  £ 
over  from   the  roof,  which 

brick  arch.     In  so  aivhrd  in  su 

as  to  focus  the  heat  on  so:  irth.     In  a  i 

beratory  furnace,   it   i  to  construct   the  lining  of 

the  furnace  of  firebrick  laid  in  fireclay.     Furnaces  of  this  : 
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may  use  coal,  oil,  or  gas,  and  for  some  classes  of  work 
wood;  but  good  bituminous  coal  is  the  fuel  most  commonly 
employed.  The  fuel  is  usually  burned  with  forced  draft,  the 
bed  being  kept  deep  enough  to  ins  .;htly  smoky 

flame,  which  indicates  incomplete  combustion.  This  makes 
it  certain  that  oxidation  will  not  take  place  from  air  passing 
through  the  grate. 

Fig.  2  shows  a  longitudinal  section  of  a  furnace  used  in 
heating  work  for  a  steam  hammer.  The  coal  is  fed  on  the 
grate^"  through  the  fire-door  opening  at  //,  which  is  so  placed 
that  a  suitable  depth  of  fire  can  be  maintained  between  the 


Pio. 


grate  bars  and  the  bottom  of  the  door.     The  hot  gases  ; 
over  the  bridge  wall  w,  and  burn  in  the  chamber  s,  the  \v. 
gases  escaping  through  the  flue  k  into  the  stack.     The 
pit  is  shown  at  /.     A  plan  view  of  the  furnace  is  shown  in 
Fig.  3,  a  side  view  in  Fig.  4,  and  an  end  view  in  Fig.  5 
while    Fig.  5   (b]   shows  a  section   crosswise    through 
hearth.     The  furnace   has   three  doors  c,  d,    and  e  on  one 
side,  and  door  /  and  the  fire-door  h  on  the  other;  the  door  / 
is   opposite    the    door  d.     This   is   a   great   conven 
heating  long  pieces  of  work,  which  are  allowed  i 
through  both  openings.     All  the  openings  thr  • 
work  is  put  into  the  furnace  are  closed  by  doors 
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firebrick  slabs  and  suspended  by  chains  from  counterbalanced 
levers.     They  are  raised  and  lowered  by  the  handles  pt  p, 


while  the  wei  i^s.  4  and  5  (a),  serve  to  hold  them 

in  any  de-sired  position. 
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The  bed,  or  hearth,  of  the  furnace  is  usually  made  of  clean, 
sharp,  silica  sand  tightly  rammed  into  nearly  the  shape  of  the 
hearth.  A  fire  is  then  placed  on  the  grate  and  kept  burning 
until  the  surface  melts  and  forms  a  smooth  glassy  hearth. 
Sometimes  clay  is  mixed  with  the  sand. 

In  heating  work,  sand  is  very  frequently  used  as  a  flux  to 
carry  off  any  iron  oxide  that  is  formed  on  the  surface  of  the 
metal.  Iron  oxide  also  attacks  the  surface  of  the  heartn, 
forming  a  fusible  slag  with  it.  This  slag  flows  into  the  slag 
pot  through  an  opening  at  the  foot  of  the  stack,  toward 


FIG.  6 

which  the  hearth  slopes.  A  blast  of  from  4  to  12  ounces  is 
supplied  to  the  fire  by  the  blast  pipe  /,  Figs.  3,  4,  and  .">  (</), 
which  is  attached  to  one  end  of  the  ash-pit.  Usually,  the 
blast  is  obtained  from  the  fan  that  furnishes  blast  for  the 
forges. 

In  some  cases,  the  counterbalance  weights  for  the  doors 
placed  at  the  side  of  the  furnace,  so  as  to  leave  the  top  clear. 
A  boiler  may  then  be  set  above  the  furnace,  and  the  heat 
from  the  waste  gases  utilized  to  furnish  steam  for  steam 
hammers,  for  engines  driving  the  fans,  etc.,  the  waste  gases 
being  led  up  under  the  boiler  before  they  pass  up  the  stack. 
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4.       Doiihl.  .1       i;<   \  ,  i-h,  -r.-ilMi-N        I    ii  i-ii.-i,-,..  —  In 

some    shops   where   a   variety   of   work    is   done    and   yet 


where   there  is  not  enough    heavy    forcing    to  warrant    the 
installation   <>f  a  large  reverberatory   furnace,   the   ilmihlr- 

drckril     rr  \  <•  i-  IM-  r:i  I  ..  i   \ 
funnier    shown   in    1 
and    7    will    be    of 
Fig.  (I  shows  a  seetion  al<.n^ 
the    line    rt ' g  h    of    Fig.  7, 
and   Fitf.  7  sh-  •  tion 

along    the    line     tn  n  o p    of 

I    designate    the    same 
in    both    ti^ures.      In 
tin's    furnace,    tin-    gr. 
ash-pit  /.  fire-door  /,  ash-pit 
door  X-,  and  blast-pipe  con- 

the    i 

:ibed.       When 
th-  the 

bridge    wall    /»,    it    ente: 

relatively  small  chamber  with  n  which  is  p' 

the  work  that  is  to  be  to  a  hiyh    temperature.      After 
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it  passes  over  the  hearth  //,  the  flame  passes  thr< 
openings  c,  c  to  the  lower  hearth  v,  thence  through  the  open* 
ings,  or  flues,  /  to  the  chimney  y.  The  lower  hearth  v  is 
used  for  heating  work  for  tempering,  annealing,  case- 
hardening,  etc.  The  door  for  the  upper  hearth,  which  is  on 
one  side  of  the  furnace,  is  not  shown  in  Fig.  G;  and  the  door/ 
for  the  lower  hearth  is  on  the  other  side.  The  slag  hole 
at  the  base  of  the  chimney.  The  detailed  arrangement  of 
the  furnace  doors  /  for  closing  the  large  openings  is  shown  in 
Fig.  8.  Each  door  contains  a  smaller  door  d,  which  may  be 
opened  to  see  the  condition  of  the  work,  or  through  which 
small  pieces  may  be  introduced.  The  main  doors  are  kept  in 
place  by  counterbalance  weights  w.  The  advantage  of 
placing  the  fire-door  at  one  side  of  the  furnace  is  that  the  fire 
can  be  spread  more  evenly  than  with  the  door  at  the  end  of  the 
furnace,  since  the  coal 
can  be  raked  along  the 
length  of  the  bridge 
wall  so  as  to  main- 
tain an  even  fire  at  all 
points. 

5.     Furnace   for 
Liong    Work.  —  In 

shops    where    long 

pieces,  such  as  angles 

and  other  structural 

shapes,  must  be  heated, 

a  furnace  of  the  form 

shown   in   Fig.  9  will 

be  found  very  useful. 

This    furnace  consists 

of  a  cast-iron  pot,  or 

box,  a,  which  serves  as 

an  ash-pit  and  on  the 

upper  surface  of  which 

the  grate  bars  are  arranged;  the  ashes  are  removed  through 

the  door  b  and  the  blast  is  furnished  by  a  blast-pipe  connection 


FIG.  9 
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at  the  back  of  the  ash-pit.     Immediately  above  the 
box  n,  which  is  supported  on  n  legs  t. 

supported  by  tin-  which   are   held   in   : 

by  bolts.     Above  plate  d  is  an  .    which    pro- 

tects the  front  edge  of  the    furnace.     The   back    wall 
a    portion  of    tlu  arnace   are    built    up   with 

brick^-,  and  the  cover  o;  .rick 

slabs  held  together  by  iron  binders  / ;  a  coke  fire 
tained  in  the  furnace.      Long   \v..rk  may  b  .  that  its 

ends  project  through  the  open  ends  of  the  furna 
it  to  be  heated  the  whole  length  of  the  fire.     This  furnace 
will  be  found  especially  useful  in  heating  long  angl 
the  center  for   bending.      When  curved   or   irregular   j> 
must  be  heated,  the  i  frequently  lifted  off  whil< 

work  is  being  placed  in  the  furnace,  and  then  replaced  (hiriug 
the  heating.     If  large  numbers  of  short  pieces  are  to  be  he 
on  the  ends  only,  the  pieces  are  laid  across  the  :  on  / 

allowed  to  project  into  the  fire.     When  the  furna 
not  in  use  for  heating  long  work,  the  openings  in  the  ends 

:  temporarily  with  firebrick.      Such  a  furna' 
this  is  generally  used  in  a  large  open  building  where  struc- 
tura'  :-ut  together,  and  hence  th 

are  not  objectionable.      If  the  furnace  is  to  be  used  indoors 
in  winter,  an   exhaust    pipe  to  carry  away  the  gases  can  be 
.nged  at  I  :ie  furnace. 

f).  inir     I  urnjieo     Tor     Ilijjfh     'IViiip< 

tore*.      Wi;"ii    a    large    amount   of  work   is   to  be   heated,  it 
is  often  convenient  to  make  the  process  continuous  by  I 
a  conveyer  that  will  carry  the  work  slowly  through  the  fur- 
nace, the  cold  pieces  being  placed  on  the  cor  t  one 

irnace  and  removed   at  the  other  end   pro; 
heated  for  forging.     Such   a   turn.  hown  in    l;i;;.    in. 

conveyer  consists  of  I  -all  trucks  a  that  > 

lay  block  hich  the  work  c  is  placed  at  0 

of  the  furnace  and  carried  through  to  the  other  end,  by  which 
time  it  is  thoroughly  heated.     The  tru  return  empty 

t<>    be    loaded    aL'.'iin    with 


11 


12  SPECIAL  FORGING  OPERATION  §03 

work.  A  metal  casing  e  surrounds  the  blocks  b  on  the  return, 
so  as  to  prevent  undue  loss  of  heat. 

The  furnace  d\s  a  rectangular  iron  box  lined  with  firebrick, 
and  is  heated  by  gas  burners  g,g  placed  on  the  top  of  the 
furnace  and  supplied  by  a  pipe  h  extending  along  the  side. 
The  trucks  do  not  enter  the  furnace,  because  the  teni; 
tures  are  too  great  to  be  withstood  by  cast  iron,  but  the 
fireclay  blocks  project  into  the  flame. 

The   burners   can   be  controlled  separately,   so    that 
desired  temperature  may  be  obtained.     They  are  place 
as  to  direct  the  flame  toward  the  end  /,  so  that  as  the  work 
enters  the  furnace  it  is  first  heated  by  the  blocks  on  which  it 
rests,  then  by  the  hot  gases,  and  finally  by  the  flame  under 
which  it  passes. 

HANDLING   DEVICES 

7.  Tmih'.v  system. —  Handling:  devices  are  n< 

in  connection  with  heavy  work,  such  as  that  forged  by  steam 
hammers.  If  the  work  must  be  frequently  carried  back  and 
forth  between  two  points,  a  hoist  block  may  1  -uled 

from  a  trolley  running:  on  an  overhead  rail  >'.  l-'ig.  11.     In  this 
illustration,  the    portion  of    the  track  ;"    between  a   and  b 
serves  as  a  switch,  which  is  shifted  by  means  of  the  chain 
The  traveling  carriage,  or  trolley,  is  shown  at  ,/,  and  th< 
ferential  chain  pulley,  operated  by  hand,  is  shown  at  e.     By 
putting:  in  switches  and  branches  leading  to  the  places  where 
.«)ist  is  needed,  its  usefulness  is  greatly  increased.     The 
switches  must  have  guards  t«>  prevent  the  trolley  from  running 
off  at  an  open  switch,  or  a  lock  to  make  it  impossible  to  turn 
the  switch  when  the  trolley  is  on  one  of  the  branch' 
advantage  of  any  trolley  system   is   that   the   trolleys  with 

tvcl  from  one  depart- 
ment to  .  nit  int"  I,  Of  anywhere  about  the 
plant,  without  great  COil  for  equipment. 

8.  Mot <»r-<  ;p.  r:i t « <i  iioi-i  hand-operated  chain 
block    is    frequently    replaced    by    a    mot<> 

the   motor  being  driven  by  compress* 
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Air-operated  hoists  of  this  character  are  frequently  used  on 
jib  cranes,  where  the  travel  of  the  hoist  along  the  trolley  is 


limited,  and  hence  only  a  short  air  hose  or  air  connection  is 
needed.     In  the  case  of  trolley  systems  where  the  hoist  is  to 
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1   a  considerable  e  compressed-air  system 

cannot  be  used  to  advantage  advantage  of  the 

operated  hoist  is  that  the  headroom  taken  up  by  it  is  very 
small  compared  with  the  height  of  lift  itself.  Klectricnlly 
operated  motor  hoists  have  the  advantage  of  not  needing  any 
hose  connection,  as  they  take  their  current  by  means  of 
tact  brushes  from  a  trolley  wire,  which  can  be  strung  along 
the  entire  length  of  the  trolley  system. 


'>.     .Ilh  CrjiiH-.      A  jib  crane,  shown  in  Fig.  12,  is  another 
convenient  device  for  handling  heavy  Swinging  in 

the  arc  of  a  circle,  it  enables  work  to  be  handled  on  any  part 
of  the  floor  over  which  it  swings. 

IO.     TniM-Mnir    <  ranr.      In    smith    shops    where    very 
heavy    work  <  d,   a  heavy  traveling   crane    is    more 

serviceable  than  any  other  ho  D  the 

width  of  the  shop  and  travel  throughout  its  length,  so 
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command  the  entire  shop.  The  crane  for  this  class  of  work 
may  be  one  of  any  of  the  ordinary  hand  or  power  types, 
depending  on  the  class  and  quantity  of  the  work  to  be 

handled. 

11.  Pneumatic  Hoist.— A  very  convenient    lift    that 
may  be  used  in  connection  with  any  crane,  or  directly  on  an 
overhead  track,  is  the  pneumatic  hoist, 

a  form  of  which  is  shown  in  Fig.  13. 

It  consists  of  a  cylinder  c  containing  a 

piston    which   may  move   upwards  or 

downwards  within  it.     A  rod  r,  having 

an  eye  e  in  its  lower  end,  is  attached  to 

the    piston.     Compressed   air   from   a 

pipe  p  is  admitted  into  the  lower  end 

of  the  cylinder  through  the  three-way 

valve  v,  and  may  be   discharged   into 

the  outer  air  from  the  cylinder  through 

the  same  valve.     Pulling  the  hand  chain 

on    one    end   of   the  controlling  lever 

admits  the  compressed  air,  which  forces 

the  piston  upwards  in  the  cylinder  and 

lifts  the  load    attached    to    the  eye  e; 

pulling  the  chain  attached  to  the  other 

end  allows  the  compressed  air  to  escape 

from  the  cylinder  and  lowers  the  load;  placing  the  lever  in 

mid-position,  or  horizontal,  holds  the  load  stationary  at  any 

desired  point. 

12.  Relative    Advantages    of    Handling     Devices. 
The    stationary    differential    chain    block,    motor   hoist,   or 
pneumatic  hoist  can  be  used  only  at  single  points;  but  when 
they  are  suspended  from  trolleys  running  along  overhead 
rails,  they  can  be  used  at  all  points  of  the  floor  under  the 
rails.     By  the  use  of  switches,  sidings,  etc.,  their  field  of 
usefulness  may  be  greatly  increased;  it  will,  however,  require 
a  very  complicated  system  of  switches  to  make  these  forms 
of  lifting  and  conveying  devices  thoroughly  efficient,  even  for 
a  comparatively  small  floor  space. 


FIG.  13 
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MISCELLANEOUS  OPERATIONS 
AND  DATA 


I;IYI  TING 

13.  HiiiHi  i:ivrtiii»r. — It  is  often  desired  to  fasten 
together  two  pieces  of  iron  or  steel  by  ri\  i-t  inir,  >s  for 
example,  in  joining  the  plates  that  form  a  steam  boiler. 
Holes  are  punched  or  drilled  through  both  pieces,  and  a 
i-i\ct,  which  is  a  pin  having  a  head  at  one  end,  is  put 
through  both  holes.  The  small  end  of  the  rivet  is  then  i 
so  as  to  form  a  second  head.  Riveting  may  be  done  cold, 
but  if  a  ti^ht  joint  is  required  the  rivet  is  heated  and  headed 
while  red  hot;  in  cooling,  it  will  contract  and  draw  the  1. 

together,   thus   making 
the  joint  tighter.     The 
rivet  holes  in  plates  arc 
generally  punched;  this 
makes    them    slightly 
tapering,     and     if     two 
punched    plates 
joined    the    holes   may 
come    together    in    any 
one  of  three  way 
shown   in   Fig.   14   (</), 
(£),  and  (c).     If  the  rivets  are  hot  enough,  they  wi1!  re, 
upset  so  as  to  fill  the  holes  in  any  case,  but  passing  them 

•:gh  the  cold  plates  frequently  chills  them   so  that 
will  not  upset   properly.      For  this  reason,   when  the   1 
are  not  in  line,  they  should  be  smoothed  with  a  drift   pin. 
or,   better    still.  out    after   the    plates    have    been 

clamped  in  position,  as  shown  in  Fig.   11   (</).     The  ream- 
ing also  removes  some  of  the  injured  metal  from  the  - 
of  the  holes.     The  drift  pin   is  a  smooth,  slightly  taj 
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pin  that  is  driven  into  the  holes  to  expand  them  in  places 
where  they  are  too  small,  thus  giving  them  an  even  taper. 
The  reamer  gives   the    same   result   by   cutting   away  the 
rough  edges  of  the  hole.     Drifting  strains  or  distorts 
metal,  and  should  never  be  done  on  any  riveted  joint 
must  bear  a  heavy  load.     The  hot  rivet  is  put  into  the  hole, 
and  a  heavy  piece  of  iron  or  a  hammer  is  held  ag; 
head  while  the  second  head  is  being  formed  on  the  other 
end.     The  body  of  the  rivet  should  completely  fill  the  holes 
in  the  plates  after  the  rivet  is  headed. 

14.  Riveting  Machines.— Where  a  large  number  of 
rivets  are  to  be  headed,  the  work  is  done  by  machine,  which 
does  it  much  faster  and  better  than  it  can  be  done  by  hand, 
because  the  rivet  is  headed  before  it  has  had  time  to  cool. 
The  hammer  of  the  riveting  machine  is  sometimes  driven  by 
compressed  air  at  the  rate  of  several  hundred  blows  per 
minute,  the  rapidity  of  the  blows  being  more  necessary 
than  their  force.  In  forming  the  head,  quick  blows  with  a 
light  hammer  upset  and  spread  the  iron,  while  heavy  blows 
tend  to  bend  it.  •  Another  form  of  riveting  machine  presses 
the  end  of  the  rivet  into  a  head  by  forcing  a  forming  die 
against  it.  This  machine  is  operated  by  compressed  air  or 
by  water  pressure,  and  gives  satisfactory  results,  as  the  flow 
of  the  metal  under  the  heavy  pressure  completely  fills  the 
rivet  holes.  In  taking  riveted  plates  apart,  it  is  better  to 
drill  the  rivets  out  than  to  drive  them  through,  since  it 
is  less  liable  to  injure  the  plates. 


FORGING  STRUCTURAL  SHAPES 

15.  Bending  Angles. — With  the  more  general  use  of 
structural  shapes  and  plates,  it  has  become  necessary  to 
bend  angles,  I  beams,  deck  beams,  etc.  into  various  shapes 
or  forms.  Where  a  considerable  amount  of  this  class  of 
work  is  be  done,  bending  plates,  Fig.  15,  are  used;  these 
are  large  surface  plates  with  holes  in  their  surfaces,  in  which 
are  fixed  the  dogs  and  clamps  for  holding  the  work.  For 
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bend  ingle  a  to  the  desired  CUT 

clamped  to  the  bendir.  y  means  of  a  <  he  end  of 

the  angle  dogs 

are  simply  curved  pieces  of  metal  that  are  sprung  into  the 
holes  in  the  plate  and  driven  down  into  contact  with  the  v 


Fio.  15 

The  angle  is  bent  around  the  form  by  means  of  a  mo. 
which  is  a  crescent-shaped  piece  of  metal  secured  to  a  long 
arm  and  i  with  a  pin  or  tongue  near  the  end. 

tongue  is  dropped  into  one  of  the  holes  in  the  plate,  and  the 
angle  is  bent  by  sweeping  the  moon  around.     ( )f  course,  as 


no, 


the  angle  bends,  the  outer  edge  of  th<  will 

be  Stretched  and   drawn  thin,  and   care   must  he  tak* 

tnl    handlim:  harp 

I  lg,    II 
that  has  been  bent  into  a  circle  and  afterwards  welded,  while 
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Fig.  16  (6)  shows  an  angle  bent  to  form  the  frame  : 
door;  both  of  tht  bent  around  forms  by  the  use  of 

moons.     Large  bending  floor-  up  of  several  bending 

plates  laid  side  by  side,   are  used   in    bending   very   large 
work.     Forms  made  of  iron  or  steel  bars  bent  t«>  tl. 
shape  are  clamped  on  the  bending  floor  with  dogs,  as  shown 
in  Fig.  17.     The  piece  to  be  bent  is  ti  «>und  the 

form  by  means  of  m«> 


16.     Welding  Angles. — In  some  classes  of  work,  it  is 
often  necessary  to  bend  angles  and  other  structural  si 
to  such  sharp  angles  that   it  is  impossible  to  make  the  r 
flow  to  the  desired  form.     Four  examples  of  this  i 
shown  in  Fig.  1*.      In  making  th<  hown  .it  («),  il   is 

necessary  to  cut  out  a  portion  of  tht  \rnge  of  the  angle 
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at  the  point  a,  so  that  the  angle  before  bending  will  appear 
as  shown  in  Fig.  18  (e).  After  bending,  the  faces  b  and  r 
are  brought  together  and  welded.  In  like  manner,  the  outer 
corners  d,  e  of  the  piece  in  Fig.  18  (6)  must  be  split  and  pieces 
welded  in  after  bending.  Similarly,  pieces  must  be  cut  out 
of,  and  others  welded  into,  the  webs  of  pieces  (c)  and  (</).  If 
the  parts  are  kept  clean  and  the  fire  in  proper  condition  when 
making  these  welds,  no  flux  is  necessary,  as  the  flux  tends, 
in  many  cases,  only  to  eat  away  the  surface  of  the  metal. 


FIG. 19 

17.  Bending  Structural  Shapes. — Channels,  I  b 
deck  beams,  and  other  structural  shapes  are  bent  by  using 
proper  forms.  In  some  cases,  it  is  necessary  to  have  an 
outline  of  the  sectional  shape  formed  in  the  side  of  the 
former  used.  In  all  work  on  structural  shapes,  care  must 
be  taken  to  see  that  the  steel  is  not  heated  very  far  above 
the  point  of  recalescence,  except  for  welding;  and  any  pieces 
that  must  be  heated  to  a  higher  degree  should  be  allowed 
to  cool  after  they  are  forged  to  shape,  and  then  heated  to 
just  above  the  point  of  recalescence,  and  allowed  to  cool 
once  more.  This  will  relieve  the  stresses  and  restore  the 
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fine  texture  of  the  metal  and  insure  the  greatest  possible 
strength  in  the  piece. 


18.     Bt'iullntf  1'la  !«•*..  —  In  bending  plates  into  irregular 
forms,  they  are  first  brought  roughly  to  .nder  suitable 

presses  and  are  then  secured  to  the  bending  floor  by  means 
of  dogs,  as  shown  in  Fig.  19.  Suitable  bars  or  support 
placed  at  the  sides,  and  the  plates  formed  to  a  templet  by  the 
use  of  wooden  mauls,  three  of  these  mauls  being  shown  on 
the  bending  floor  in  Fig.  1G.  By  careful  work  in  this  way,  a 
plate  can  be  formed  to  any  required  shape. 


\VI:LDING 

19.  The  l.hctric  Current. — The  flow  of  an  electric 
current  in  a  wire  is,  in  many  ways,  like  the  flow  of  \\ 
through  a  pipe.  If  a  pipe  connects  two  vessels,  one  of 
which  is  placed  much  higher  than  the  other,  the  water  will 
flow  from  the  higher  to  the  lower,  and  will  exert  consider- 
able pressure  at  the  lower  end  of  the  pipe.  It  is  this  pres- 
sure, which  is  measured  in  pounds  per  square  inch,  that 
to  flow.  In  the  case  of  an  electric  current 
it  is  necessary  to  have  a  pressure  in  order  to  cause  the  flow, 
but  this  pressure  is  measured  in  volts  and  not  in  pounds. 

The  amount  of  water  that  flows  through  a  pipe  is  usually 

1  in  gallons,  and  the  rate  at  which  the  water  i: 
is  measured  by  the  number  of  gallons  per  minute.      In  the 
case  of  the  electric  current,  the  rate  of  the  flow  is  measured 
in  ami" 

Now,  when  water  flows  through  a  pipe,  the  bends 
and  rough  sides  of  the  pipe  tend  to  prevent  the  flow.     If  a 
fine  wire  netting  is  placed  over  the  end  of  the  pipe,  the  flow 
is  much  reduced  because  the  netting  hinders  ti  .;e  of 

the  water.  Likewise,  the  flow  of  electric  current  is  hindered 
by  the  resistance  of  the  wire.  The  smaller  the  wire,  the 
greater  its  resistance,  just  as  a  decrease  in  the  size  of  a  pipe 
will  increase  the  i  to  the  flow  of  water.  The  cu 

will  heat  the  wire,  and  the  larger  the  number  of  amperes,  the 
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greater  is  the  heating  effect.     By  increasing  the  flow  of  cur- 
rent, it  is  possible  to  heat  the  wire  to  its  melting  point. 

20.  Theory  of  Electric  Welding.— The  i  the 
temperature  of  a  body  is  raised  by  passing  a  current  of  elec- 
tricity through  it  is  the  principle  on  whit  h  <-i«-rt  ri«-  %\ ,  Minu 
depends.      The  heating  is  greatest  at  the  point  where 
resistance  is  greatest,  which  is  at  the  contact  surface  between 
the  ends  of  the  pieces  to  be  welded.     Hence,   in  elc 
welding,  the  ends  of  the  pieces  to  be  welded  are  brough 

a  welding  heat  by  passing  a  large  current  through  them,  and 
when  they  are  heated  they  are  pressed  together  firmly,  thus 
forming  the  weld.  The  heating  power  of  a  current  depends 
on  the  rate  of  flow,  or  the  number  of  amperes.  In  elc 
welding,  the  pressure  may  be  only  a  few  volts  or  even  a  frac- 
tion of  a  volt,  while  the  current  is  large;  that  is,  a  large 
number  of  amperes  is  required  to  obtain  the  necessary  heat- 
ing effect. 

21.  Apparatus  Used  in  Electric  Welding.— An  elec- 
tric welding  machine  must  provide  means  for  holding  the 
pieces  to  be  welded,  for  heating  them  by  the  electric  current, 
and  for  forcing  them  together  to  form  the  weld.     A  welding 
machine  used  in  welding  flat  iron  hoops,  shown  in  Fig. 
consists   of   a   heavy   cast-iron   base   a   that   supports 
clamps  b,  c,  which  are  made  of  bronze  and  operated  by  the 
handles  d  and  e.     The  clamp  b  is  fixed,  but  the  clamp  t 

be  moved  toward  the  clamp  b  by  means  of  the  lever  /. 

To  form  a  weld,  the  ends  of  the  hoop  are  fixed  firmly  in 
the  clamps,  as  shown,  the  ends  brought  together,  and  the 
current  turned  on.  The  current  passes  into  one  end  of  the 
hoop  from  the  clamp  b,  across  the  minute  air  gap  between 
the  ends  of  the  hoop,  and  then  back  through  the  clan 
But  the  resistance  of  this  small  air  space,  or  gap,  between 
the  ends  is  great  enough  to  bring  the  metal  ends  to  a 
welding  temperature.  As  soon  as  the  welding  temperature 
is  reached,  the  lever  /  is  pulled  toward  the  left,  when  the 
joint  at  g  straightens  and  moves  the  clamp  c  to  the  left 
This  forces  the  two  ends  together  and  thus  completes  the 
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weld.    Water  flows  through  the  pipes  h.  h  into  the  eta 
which  are  hollow,  and  m  becoming  over- 

heated.    The  rubber  tube  /:'  allows  water  to  circulate  from 
one  damp  to  the  other,  and  permit  np  c  to  be  moved, 

which  could  not  be  done  if  //'  were  a  solid  pa 

Since  water  and  iron  are  both  conductors  of  electricity,  a 
snudl  part  of   the   eurrent    will    How   from   one   rlunij>    t« 
other  through  the-  water  in  the  tube  h'  and  thnnu-Ji  the  1 
solid  part  of  the  hoop.     Hut  siiuv  tin 


20 

of  these  paths  is  much  Mian  th.v  between 

clani])S.  llie  small  ainnunt  of  eurrent  tl;  Iocs  not  a 

the  action  of   the   machine.     By   chan^in^    the   form    of   the 

<cs  of  work. 

22.     Speoial   LppUoatton*  of  Bleotrlo  Welding,     I 

trie  welding  is  especially   useful   f«»r  a   number  of  classes  of 
work.     In    i< ••  i    pipe    t- 

joints    are    re<|uired      Th<  by    butl-weldi- 
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number  of  short  pieces  into  one  long,  straight  piece  and  then 
bending  this  into  the  required  coil.  The  short  pieces  are 
welded  by  electricity.  If,  after  the  coil  is  complete  and 
tested,  a  leak  develops,  the  leaky  section  can  be  cut  out 
and  a  piece  welded  in  its  place.  Electric  welding  is  much 
used  for  the  joining  of  street-car  rails,  the  work  being  done 
without  removing  the  rails  from  the  track.  It  is  also  used 
for  welding  tires  or  other  continuous  sections. 

23.  Advantages  of  Electric  Wold  Ing. — When  a  piece 

is  heated  in  a  fire,  there  is  danger  of  burning  the  metal  at 
the  surface  before  the  center  becomes  hot  enough  for  v> 
ing;  this  is  due  to  the  fact  that  the  heat  travels  from  the 
outside  toward  the  center.  In  electric  welding,  the  reverse 
is  true,  as  the  heat  trave4s  from  the  center  to  the  outside, 
and  hence  the  chances  of  burning  the  metal  are  very  much 
less  in  the  electric-welding  process  than  in  the  other.  A 
since  the  heat  travels  from  the  center,  the  center  is  naturally 
hottest,  and  hence  the  weld  is  best  at  the  center.  In  electric 
welding,  the  temperature  can  be  closely  regulated,  and  the 
danger  of  injuring  the  metal  thus  made  very  slight.  While 
the  work  is  being  heated  for  electric  welding,  it  is  always 
held  in  clamps  and  the  proper  relationship  of  the  parts  thus 
assured.  By  the  electric-welding  process,  metals  can  be 
welded  that  cannot  be  united  in  any  other  way;  as,  for 
instance,  copper  and  all  the  copper  alloys  may  be  welded  by 
this  process.  Pieces  that  have  been  partly  or  wholly  finished 
can  be  welded  by  the  electric  process  without  injuring  the 
finish  beyond  the  weld.  It  is  claimed  that  the  cost  of  fuel 
is  not  greater,  and  is  generally  less  than  in  forge  welding, 
while  the  labor  and  time  required  are  both  greatly  reduced. 

EFFECT  OF  REPEATED  HEATINGS  ON  METAI, 

24.  Effect  of  Repeated  Heating  on   ( 'M-I    IK.II.  — If 
cast  iron  is  heated  repeatedly,  it  will  increase  in  size  with 
each  successive  heating;  the  volume  has  been  increased  as 
much  as  40   per   cent.     This   heating   opens   the  grain  of 
the  metal  and  weakens  it  very  greatly.     Hence,  gray 
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ngs  should  not  be  exposed  to  repeated  heatings  if  it  is 
desired  that  t  n  their  form  and  size.     This  increase  of 

volume  of  the  metal  !  ever,  been  put  to  practical  use 

for  increasing  the  size  of  parts  that  have  become  worn  to  such 
an  extent  that  they  no  longer  fill  the  r  which  they 

were  originally  intended.     To  do  this,  the  pieces  ar 
in  air-tight  boxes  or  tubes,  heated  to  a  dull  red,  and  then 
allowed  to  cool. 

•J.~>.       I   ff«  •<•!    «>f    !:<-p<-:ii«-<l    Ilrnt  inir  <>n    Wrought     Inm 

<>r   -M  <•<•!. — It  has  also  been  found   that  heating 

of  wrought    iron  or  low-carbon   steel  lume 

slightly.  Advantage  may  be  taken  of  this  shrinkage  in  cases 
where  it  is  necessary  to  reduce  slightly  the  diameter  of 
holes  in  forgings,  or  the  diameter,  of  rings.  If  such  pieces 
heated  to  a  dull  red  and  allowed  to  cool  slowly,  or  even 
if  they  are  quenched  in  water,  they  will  usually  be  found 
to  have  decreased  slightly  in  size. 


THERMIT    WIM)IN<; 

26.  Thermit. — If    powdered    aluminum    or    aluminum 
filings  are  mixed  with  a  certain  amount  of  p.  iron 
oxide  and  the  mixture  set  on  fire,  a  temperature  of  "vMX)0  F. 
may  be  obtained.     Since  this  is  far  above  the  melting  point 
of  iron,  it  is  possible  to  use  this  mixture,  which  is  known 
I      i  iH-ruiit,    in  making  w 

27.  M.-.Kin-  a   'l  iH-rmit    \\vi«l.— Thermit  is  u 
largely  for  mending  broken  forgin.  -.stings  while  they 

•;i  place,  for  joining  the  ends  of  rails  on  strcet-c.ir  ti 
and  for  simi'.  \.unple   of   thermit    welding   is 

illustrated  in  Figs.  21  and  22.  In  Fig.  21  is  shown  the 
broken  forging,  whir  t  <>f  a  ship,  and  which  would 

require  other  parts  to  be  removed  it  it  were  taken  to  a 
shop  to  be  welded.  In  order  to  prepare  it  for  the  thermit 
welding  process,  the  metal  at  the  break  is  cut  away  until 
the  ends  fly,  as  shown.  Then  a  large 

cup-shaped  mold  is  made  around  the  piece  at  the  break,  into 
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which  molten  steel  is  poured.  As  the  mold  encloses  the 
broken  piece,  the  molten  metal  flows  between  the  ends  of, 
and  around,  the  piece,  and  when  cool  forms  a  solid  collar  a, 
Fig.  22,  that  firmly  unites  the  ends  of  the  broken  piece. 

The  molten  steel 
is  called  thermit 
steel.  It  is  made  by 
burning  thermit  in  an 
iron  crucible  or  pot, 
Fig.  23,  that  is  lined 
with  refractory  ma- 
terial; the  hole  at  the 
bottom  is  stopped 
with  an  iron  disk  b,  on 
top  of  which  is  placed 
an  asbestos  washer 
and  a  small  amount  of 

the   refractory   mate-  FlG- 21  FlG 

rial  with  which  the  crucible  is  lined.  The  result  of  the  burning 
is  that  the  oxide  of  iron  is  changed  into  very  hot  molten  steel. 

The  crucible  is  so  placed  that  the  opening  in  the  bottom  is 


FIG.  23 


above  the  mold  surrounding  the  piece  to  be  welded.     After 

the  thermit  is  burned,  the  rod  a  is  forced  upwards  b 

the  paddle  c,  which  displaces  the  washer  b  and  allows  the 
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steel  to  flow  into  the  mold.  Since  the  steel  has  such  a  high 
temperature,  it  heats  the  broken  surfaces  to  a  welding  i 
after  which  it  unites  with  them  and  forms  a  solid  weld.  The 
aluminum  in  the  thermit  forms  slag,  and  the  mold  should  be 
so  arranged  that  this  slag  may  overflow  and  not  come  in 
contact  with  the  work.  Two  pounds  of  thermit  will  produce 
1  pound  of  thermit  steel  and  1  pound  of  slag.  The  slag, 
however,  will  occupy  throe  times  as  much  space  as  the  steel, 
since  it  is  not  so  dense. 

28.  In  some  cases,  the  heat  produced  by  burning  thermit 
is  used  to  heat  other  pieces  for  welding.     For  instance,  two 
pieces  of  pipe  may  be  'faced  off  square  on  the  ends,  butted 
together,  fastened  in  suitable  clamps,  and  then  surrounded 
by  a  suitable  mold,  into  which  is  poured  a  quantity  of  thermit 
burned  in  a  ladle.     In  this  ease,  the  slag  comes  from   the 
ladle  first,  sticks  to  the  surface  of  the  pipe,  and  thus  prevents 

__ji_,  the  metal  as  it  Hows 

from    touching    the 
pipe.  The  In  a 
the  slag  and  thermit 
Fl<;  el,  however,   will 

the  ends  of  the  two  pieces  to  a  welding  heat,  after  which 
a  very  slight  pressure  of  the  clamps  will  ^ive  a  PCM  feet  weld. 
Thermit  has  also  been  used  in  welding  broken  locomotive 
frames.  In  this  work,  it  is  not  necessary  to  chip  out  a 
groove  in  the  frame  corresponding  to  the  break,  since  the 
same  result  is  obtained  by  drilling  a  series  of  holes  along 
the  break,  as  shown  in  Fig.  24,  so  that  they  come  within 
iV  inch  or  so  of  each  other,  and  then  arranging  the  mold  s<> 
that  the  thermit  steel  will  rise  through  these  holes.  The 
hot  metal  will  melt  off  the  points  between  the  holes  and 
form  a  perfect  joint.  The  mold  should  be  arranged  so  as  to 
leave  a  collar  of  metal  about  the  joint,  as  shown  by  the 
dotted  lines  a,  b. 

29.  Con*f  met  loti     of     Molds     for    Thermit     Welds. 
The  molds  for  thermit  welds  should  be  so  constructed  that 
the  thermit  steel  will  flow  through  between  the  surfaces  to 


I 


^^Sx  / 
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be  joined,  thus  heating  them.    The  mold  used  in  joining 

a  locomotive  frame  is  shown  in  Fig.  25.     The  end  of  the 

broken  frame  is  shown  at  a,  the  runner  box  into  which  the 

metal  is  poured  at  d,  and  the  runner  at  e\  the  thermit  steel 

flows  from  b  through  e  and  rises  around  and  through  the 

break  at  a.     The  amount  of  steel  is  so  calculated  that  it  will 

fill  the  space  about  a,  the  runner,  and  rise  into  /  about  level 

with  the  bottom  of  the  passage  c.     When  the  slag  comes 

down,  it  flows  from  e  through  c 

into  the  riser  /,  and  if  desired 

can    be    allowed    to    overflow 

through  the  opening  d.    In  some  L\  ^JIL 

cases,  however,   the   riser  /  is 

made  as  large  as  the  mold  below  H  I T 

it,  and  all  the  slag  is  retained  in  \  \ 

it  and  the  passage  c.     Such  a  HJfl 

mold  as  this  is  made  of  fireclay 

and   sharp   sand,  and  must  be 

baked  thoroughly  before   it  is 

used. 

Molds  for  thermit  welds  are 
sometimes  made  of  firebrick, 
the  brick  being  cut  to  the  de- 
sired form  and  laid  with  as  thin 

FIG.  26 

a  layer  of  fireclay  between  the 

bricks  as  possible.  The  firebrick  also  forms  a  mold  that  is 
not  liable  to  crack,  and  that  can  be  readily  and  quickly  put 
into  place.  The  material  used  for  the  mold  should  be  por- 
ous enough  to  allow  all  gases  to  escape  easily.  If  a  runner 
like  b,  Fig.  25,  is  required,  it  can  be  formed  from  a  single 
firebrick  slab,  the  runner  being  chipped  out  of  the  slab  with  a 
chisel.  Owing  to  the  very  small  amount  of  moisture  present 
in  a  firebrick  mold,  it  is  possible  to  dry  it  and  heat  it,  by 
means  of  a  gasoline  torch,  before  using. 


ras 
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-01.  HI    ICI  N«. 

30.  Definitions. — The  term  sohlcri  n«r  i-  applied  to  a 
process  of  joining  metals  by  means  of  some  metal  or 
that,  when  applied  in  a  molten  state,  adheres  to  the  hi 
surfaces  to  be  joined  and  unites  solidly  with  them  while  cool- 
ing.   .Other  operations  of  a  similar  character  are  known  as 
sweating  and  brazing,  which  differ  from  soldering  chietly  in 
application  and   in  the  kind  of  molten  metal  employe- 
making  the  joint. 

31.  Sohh-r.   -The  fusible  metal  used  to  join  surfaces  in 
making  a  soldered  joint  is  called  solder.      It  may  be 
posed  of  tin  and  lead,  in  which  case  it  is  known  as  soft  sc. 

or  it  may  be  made  of  copper  and  zinc,  or  of  copper,  /inc. 
silver,    bein^    then    known    as   hard  solder,   or  spelter.     Soft 
solder  is  usually  east  in  short  bars  or  sticks  that  i 
be  handled;  it  is  also  sometimes  made  in  the  form 

I  solder,  or  spelter,  is  usually  in  the  form  of  filings  or 
coarse   powder.     The    proportions    of    the    metals    used    in 
making  a  solder  will  affect  its  hardness.     Soft  solder 
be  of  different  degrees  of  hardness,  the  harder  varieties 
being  often  termed  hard  solder,  which  should  not,  ho\\  < 
be  confused  with  the  hard   solder  composed  of  copper  and 
zinc.     The  kind  of  solder  known  as  half-and-half,  com] 
of  equal  parts  of  lead  and  tin,  is  suitable  for  joining  lead, 
copper,  brass,  zinc,  and  iron  to  metals  of  the  same  kind,  or 
for  joining  any  of  them  to  any  other  of  the  metals  named. 

•'!-.      i:«ini  pMM-nt     for    xiiiitTiiitf. — The    equipment 
required  for  «  soldi-rim,'  is  very  simple,  consisting  of 

a  copper  bit,  a  fire-pot  in  which  to  heat  it.  the  solder,  and  a 
flux  to  clean  the  surfaces  that  are  to  be  united  and  to  a 
in  the  flow  of  the  solder. 

The  copp'T  hit,  sometimes  called  a  holt,  or  -nhii-rlnK 
Iron,  Fig.  26,  is  a  piece  of  copper  a  drawn  to  a  point  or 
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edge  and  fastened  to  an  iron  rod  having  a  wooden  handle. 
The  bits  used  for  soldering  must  be  of  sufficient  weight  t«> 
contain  the  heat  necessary  to  heat  the  metal  and  fuse  the 
solder  during  a  reasonable  length  of  time.  If  they  are  too 


FIG.  26 


light,  the  soldering  is  apt  to  be  very  uneven  in  quality,  and 
the  bits  will  require  such  frequent  reheating  that  they  will  be 
troublesome.  If  they  are  too  heavy,  the  work  of  handling 
them  will  be  too  laborious. 

33.  Heating  the  Copper  Bit. — The  copper  bit  may  be 
heated  in  a  charcoal  fire  contained  in  a  sheet-iron  fire-pot,  in 
a  blacksmith's  forge,  or  in  a  special  gas-  or  gasoline-fired 
furnace.  The  charcoal  fire  is  rapidly  going  out  of  use,  being 
replaced  by  gas-  or  gasoline-fired  furnaces.  Portable  gaso- 
line-fired torches  are  very  commonly  used  for  outdoor  work; 
for  work  in  the  shop  where  much  soldering  has  to  be  done, 
gas-fired  furnaces  are  generally  employed.  Fig.  27  shows 


Fir,.  27 


one  style  j)f  gas-fired  furnace.  The  air  and  gas  enter 
through  pipes  a  and  b  and  combustion  takes  place  bel<> 
plate  on  which  the  bits  rest;  the  flame  rises  and  passes  about 
the  sides  of  the  bits,  thus  heating  them.  The  bits  extend 
beyond  the  flame,  so  that  the  points  are  not  likely  to  be 
burned  off.  By  properly  adjusting  the  air  and  gas  supply 
for  such  a  furnace,  a  heat  may  be  maintained  that  will  keep 
the  bits  at  the  proper  temperature  without  burning  them. 
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34.  Soldering:  Fluid  and  Fluxes. — The  least  film  of 
oxide  or  of  grease  or  dirt  on  the  surface  of  the  metal  will 
usually  prevent  the  adhesion  of  the  soldc  fore,  the 
surfaces  to  be  joined  must  be  thoroughly  cleaned,  or  coated 
with   some   substance  that    will    reduce    the  oxides    to    the 
metallic  state  or   that  will   destroy  the  grease  and  deposit 
a  thin  film  of  zinc  on  the  surface  to  be  soldered.     For  this 
purpose,  a  soldering:  fluid  or  some  other  kind  of  flu 
used.     Of  all  the  fluxes  used  for  soft  soldering,  the  solder- 
ing fluid  possesses  the  greatest  range  of  usefulness.     It  is 
made    by   placing   small  clippings   of    zinc    in    hydrochloric 
(muriatic)  acid  that  has  been  diluted  with  an  equal  quantity 
of  water.     The  acid  vigorously  attacks  the  zinc,  causing  bub- 
bles of   gas   to    rise    and    forming    chloride    of    zinc.     Zinc 
should   be  added  until    the  bubbles  cease  to  rise   while  a 
small  amount  of  the  undissolved  metal  remains  in  the  liquid. 
When  the  acid  has  dissolved  all  the  zinc  with  which  it  will 
unite,  the  liquid  is  strained  and  thinned  by  adding  an  equal 
quantity  of   water.     A  few  small  pieces  of   zinc   are   then 
placed  in  the  liquid  to  neutralize  any  free  acid   that   may 
remain. 

The  same  flux  cannot  be  used  on  all  metals.  Sal  ammo- 
niac is  commonly  used  on  copper  or  brass,  borax  on  iron. 
resin  on  tinned  iron,  and  resin  or  tallow  on  lead.  The  sold- 
ering fluid,  however,  is  *.he  best  all-round  flux.  By  adding 
i  ounce  of  sal  ammoniac  to  4  ounces  of  the  liquid,  it  can  be 
used  in  soldering  iron  or  steel  without  first  having  to  tin  the 
surfaces  to  be  joined. 

Copper,  brass,  or  iron  not  galvani/ed  may  In-  i   to 

receive   solder  by  cleaning   the   surfaces  and   applying   the 
chloride-of-zinc  soldering  fluid.     A  stronger  joint  i 
by  tinning  the  metal  before  soldering,  in  which  ease  re 
the  proper  flux. 

35.  Tinning. — In  copper-bit  work,  and  also  in  blowpipe 
work,  there  is  a  preliminary  operation  known  as  tluuluir, 
in  which  the  metals  to  be  united  are  properly  prepared  for 
soldering.     This  operation  consists  in  spreading  a  thin  ' 
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of  solder  on  the  surfaces  of  the  metals  and  causing  it  to 
adhere  and  make  a  firm  metallic  union  therewith.  Its  object 
is  to  so  prepare  the  surfaces  of  the  metals  that  they  will 
readily  unite  with  the  melted  solder  that  is  applied  to  them 
in  the  process  of  soldering.  All  the  common  metals  become 
tarnished  when  exposed  to  the  atmosphere,  and  it  is  neces- 
sary to  remove  the  tarnished  surface  and  thus  expose  the 
bare,  clean,  metal  to  the  influence  of  the  solder;  otherwise, 
the  solder  will  not,  under  ordinary  circumstances,  adhere  to 
the  metal.  In  tinning  metals,  great  care  should  be  taken  to 
give  the  tinning  a  uniform  thickness  and  have  it  free  i 
imperfections.  Care  must  always  be  taken  to  remove  small 
lumps  or  ridges  of  solder  in  the  tinning  coat,  as  they  will 
interfere  with  the  proper  closing  of  joints  and  seams.  Any 
superfluous  solder  can  be  shaken  off  or  wiped  off  with  clean 
waste  or  cloth. 

36.  Tinning  a  Copper  Bit.— Copper  bits  must  be 
tinned  before  they  can  be  used  for  soldering  purposes.  One 
method  of  doing  this  is  to  heat  the  bit  until  it  melts  solder 
(but  not  red  hot),  then  lay  it  on  a  brick  or  other  suitable 
material,  and  file  the  flat  sides  at  the  point  to  a  distance  of 
about  1  inch,  or  as  far  back  as  it  may  be  desirable  to  tin  the 
bit.  When  thoroughly  clean,  rub  the  filed  surfaces  on  a  piece 
of  solder  over  which  some  pulverized  resin  has  been 
sprinkled.  The  hot  copper  will  quickly  melt  the  resin  which 
prevents  the  copper  from  tarnishing  before  the  solder  melts. 
The  resin  also  facilitates  the  adhesion  of  the  solder  to  the 
cleaned  copper.  If  the  bit  is  red  hot  it  will  oxidize  the 
instant  that  the  file  leaves  it,  and  tinning  cannot  be  done 
with  resin  as  a  flux.  Another  way  of  tinning  a  bit  that  is  to 
be  used  for  soldering,  is  to  rub  it,  while  hot,  on  a  block  of 
sal  ammoniac  having  a  few  drops  of  solder  spattered  over  its 
surface.  The  sal  ammoniac  reduces  any  oxide  that  may  be 
present  on  the  bit,  and  the  solder  adheres  to  the  clean  copper 
instantly  on  coming  in  contact  with  it. 

Another  quick  way  is  to  dip  the  point  of  the  bit,  while  hot, 
in  a  saturated  solution  of  sal  ammoniac  and  water  before 
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rubbing  it  on  the  solder.  This,  however,  tins  all  four  sides 
which  is  not  always  desirable. 

When   a   bit   is   overheated,    the    coating    of    solder,    or 
the  tinning,  as  it  is  called,  is  reduced  to  a  yellow  po 
and  is  destroyed.     The   bit  must   be  tinned   before  it 
again  be  used. 

»57.  M:iUin<r  a  soi«h»rtMi  Joint. — In  the  process  of 
soldering,  the  parts  to  be  joined  are  heated  by  a  copper  bit. 
by  a  blowpipe  flame,  or  by  some  equivalent  means,  to  the 
fusing  point  of  the  solder. 

Solder  flows  best  at  high  temperatures,  provided  that  the 
temperature  is  not  so  high  as  to  oxidize  it,  and  will  flow  into 
a  joint  until  it  is  chilled;  therefore,  it  will  flow  farthest  when 
it  possesses  a  large  excess  of  heat  above  that  which  is 
necessary  to  maintain  it  in  the  fluid  condition.  Soldering 
should  not  be  done  with  bits  that  are  barely  hot  enou- 
melt  the  solder,  because  the  solder  will  unite  only  at  the 
edges  of  the  metal  and  will  not  flow  into  the  joint  prop- 

The  metal  to  be  soldered  may  be  heated  by  contact  with 
the  hot  bit,  and  by  moving  the  bit  just  fast  enough  to  ca 

. -^    little  melted  solder  to  follow  the 

^.  ^    point.     This  body  of  solder  in- 

^^       fl^  ^    creases    the   area  of   contact  and 

conducts    heat    from    the    bit    to 
the  metal  with  great  rapidity.     In 

working  with  the  blowpipe,  the  necessary  lu  at  is  applied 
directly  to  the  metal  by  the  flame.  The  flame  must  be 
handled  in  a  manner  that  will  avoid  overheating  or  oxidizing 
either  the  metal  or  the  solder. 

If  two  pieces  of  sheet  brass,  like  those  shown  in  Fig.  28, 
are  to  be  soldered  together,  the  surfaces  to  be  soldered  are 
first  rubbed  clean  and  a  little  of  the  soldering  fluid  is  ap; 
with  a  small  brush  or  a  feather.  The  bit  is  then  heated  to 
the  proper  temperature,  which  can  be  determined  by  striking 
it  a  quick  glancing  blow  with  the  hand.  This  removes  any 
dirt  and  exposes  a  clean  tinned  surface.  When  hot  enough, 
the  molten  tin  on  the  bit  ha^  c  when 
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the  hand  is  brushed  over  it.  With  a  little  experience,  the 
proper  temperature  can  be  easily  told  by  this  method. 

When  the  bit  is  properly  heated,  a  drop  of  solder  is  melted 
from  the  stick  with  the  point  of  the  bit  and  allowed  to  fall  on 
one  of  the  fluxed  surfaces,  and  is  spread  over  it  with  the  hot 
bit,  care  being  taken  to  get  the  surface  well  tinned.  The 
other  piece  is  then  prepared  in  the  same  way,  and  both  pieces 
are  placed  in  position  and  pressed  together  with  the  hot  bit. 
The  heat  from  the  bit  heats  the  pieces  of  brass  and  melts  the 
solder  on  the  surfaces;  the  bit  is  then  removed  and  the  pieces 
are  held  together  until  the  solder  has  become  hard.  The 
soldering  fluid  that  still  remains  on  the  pieces  must  be  washed 
off,  so  as  not  to  corrode  the  brass. 

This  method  is  generally  used  for  making  soldered  joints, 
and  the  ability  to  make  neat  and  fast  joints  is  a  matter  of 
practice.  The  method  of  soldering  is  varied  slightly  to  suit 
conditions,  as,  for  instance,  when  two  pieces  are  laid  edge 
to  edge  and  the  molten  solder  is  drawn  along  by  means  of 
the  hot  copper  bit. 

Iron  articles  may  be  tinned  by  thoroughly  cleaning  the 
surfaces  and  treating  them  with  chloride  of  zinc  or  sal 
ammoniac  before  the  solder  is  applied. 

38.  Soldering  Aluminum.— All  copper  and  tin  alloys, 
and,  in  fact,  most  metals,  have  oxides  that  can  readily  be 
dissolved  in  some  flux,  thus  leaving  the  surface  of  the  metal 
clean,  so  that  the  solder  may  adhere  to  it.  The  oxide  of 
aluminum,  however,  is  not  soluble  in  any  known  flux;  hence, 
it  is  necessary  to  cover  the  surface  with  the  melted  solder 
and  then  rub  off  the  oxide  with  the  point  of  the  copper  hit. 
In  this  case,  the  bit  does  not  have  to  be  tinned,  but  should 
be  rather  heavy,  so  that  it  will  hold  a  large  amount  of  heat. 
A  good  solder  for  aluminum  has  the  following  composition: 

PARTS 

Aluminum 

Phosphor  tin 
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In  making  the  solder,  the  aluminum  should  be  melted  t 
the  zinc  should  then  be  added  in  small  pieces,  taking  care  not 
to  solidify  the  melted  aluminum;  the  tin  should  then  be 
added  in  the  same  way;  and  last  of  all,  the  phosphor  tin 
should  be  added  and  the  mixture  thoroughly  stirred  with  a 
brass  rod.  This  solder  should  be  made  in  a  graphite  crucible. 
The  reason  for  melting  the  metals  in  the  order  given  is  that, 
if  the  metals  with  the  lower  melting  point  were  heated  to 
the  melting  point  of  aluminum,  they  would  be  partly  vapor- 
ized, thus  destroying  the  proper  proportion  of  the  alloy. 
When  it  is  desired  to  solder  aluminum,  the  bit  is  heated  to  a 
red  heat,  some  solder  is  placed  on  one  of  the  surfaces  to  be 
united,  melted  with  the  copper  bit,  and  then  the  aluminum 
oxide  rubbed  from  the  surface  beneath  the  molten  solder 
until  the  solder  adheres  evenly  to  the  entire  surface.  The 
surface  of  the  other  piece  is  then  treated  in  the  same 
the  two  pieces  placed  together,  and  heated  with  the  copper  bit 

or  with  a  torch  until  they 
unite.  Considerable  skill 
is  required  in  soldering 
aluminum,  and  this  skill 
be  obtained  only  by 
practice  and  by  carefully 
following  the  directions 
given. 


.')!>.  >  \\  .-:i  t  i  HIT  is  a 
term  applied  to  a  process 
of  soldering  metals  with- 
out u  >ppcr  bit,  the 

surfaces  to  be  joined  being 
Pl0-29  cleaned    and    tinned    with 

solder  and  then  brought  together  and  heated  until  the  solder 
flows  and  unites  the  pieces,  which  may  be  together 

while  cooling.     The  process  of  sweating  on,  as  it  is  usually 
calle'  uently  adopted  for  temporarily  holding  in  ; 

pieces  of  work  to  be  turned  or  otherwise  finish  iape, 
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after  which  the  parts  may  easily  be  separated  by  heating  and 
melting  the  solder  that  holds  them  together. 

In  boring  out  boxes  for  bearings,  the  pieces  are  sometimes 
sweated  together  and  then  bored  and  finished.  After  this 
they  are  again  heated,  in  order  to  melt  the  solder,  and  the 
pieces  taken  apart.  When  brass  boxes  b,  6,  Fig.  29,  are 
sweated  together,  liners  a,  a  are  sometimes  placed  between 
them  to  allow  for  wear  when  in  service.  The  faces  of  the 
brasses  and  the  liners  are  planed  smooth  and  rubbed  bright. 
They  are  then  heated  in  the  forge,  and,  when  hot,  the  brasses 
are  fluxed  with  sal  ammoniac  or  cleaned  with  acid,  and  tinned 
by  the  method  employed  in  tinning  the  copper  bit.  The  liners, 
if  of  iron,  are  fluxed  with  borax  and  tinned.  The  pieces  are 
then  put  together  and  heated  so  as  to  melt  the  solder.  If  they 
are  not  heavy  enough  to  make  a  tight  joint,  they  are  weighted 
down  until  cold.  When  the  pieces  have  been  bored  out  and 
finished  in  the  machine  shop,  they  are  melted  apart  and  the 
liners  taken  out.  

BRAZING 

40.  Brazing  is  a  process  for  joining  two  or  more  metals 
by  means  of  a  hard  solder  known  as  spelter,  whose  temper- 
ature of  fusion  is  much  higher  than  that  of  soft  solders,  and 
whose  strength  is  greater.  Hard  solders  are  composed  of 
alloys  of  copper,  zinc,  tin,  silver,  etc.  that  are  varied  to  suit 
the  requirements.  A  good  soft  spelter  is  made  with  one 
part  of  copper  and  one  part  of  zinc;  sixty-five  parts  of  copper 
and  thirty-five  parts  of  zinc  make  a  good  spelter  for  general 
work;  thirteen  parts  of  copper,  five  parts  of  zinc,  and  eighty- 
two  parts  of  silver  make  a  good  spelter  for  soldering  band 
saws.  Coin  silver  is  sometimes  used  as  a  brazing  solder. 
These  metals  are  fused  together,  then  filed  to  a  coarse 
powder,  and  sometimes  made  into  a  paste  by  the  addition  of 
calcined  borax  and  water.  Only  those  metals  whose  temper- 
ature of  fusion  exceeds  that  of  hard  solders,  such  as  iron, 
copper,  and  brass,  can  be  brazed.  In  this  class  of  soldering, 
the  temperature  required  to  fuse  the  solder  is  so  high  that 
soldering  bits  cannot  be  used. 
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II.     Tools  and   >nppiu-.. — The  hi-  lally  applied 

to  the  parts  to  be  brazed,  by  means  of  an  intensely  hot  blow- 
pipe  flame.     Large  work,  having   a  considerable  weig: 
.'..  may  be  heated  in  a  forge  fire.     For  brazing  col 
etc.  on  2-  or  3-inch  tubing,  the  tire  is  arched  over  with  ^ 
thus    making    a   hot  chamber    in    which    the   work    may  be 
heated  uniformlv. 


30 

I-.  In  Fig.  30  is  shown  a  very  convenient  form  of 
Mow  pipe  to  be  used  in  connection  with  a  bellows.  The 
blowpipe  consists  of  a  gas  pipe  a  having  a  controlling 

lied;    an   air  or  blast   pipe  b,  also   having  a  controlling 
cock  attached;  and  an  iron  pipe  nozzle  c  joined  by 

ting  to  the  pipes  a  and  fi. 

•!•'{.      In    Fig.  ol    is  shown  a  form   of   hloxvrr   suitable- 
supplying  air  to  the  blowpipe.      It  consists  ting 

bellows  having  an   air  inlet 
check-valve  on  the  inside  of 
the  bottom  board  <i,  and  an- 
other on   the   upper  side  of 
the    pressure    board    />    and 
within    the    rubber    storage 
bag*:,  which  is  enclosed  by  a 
cord  network  to  prevent   it 
from  bursting. 
The    bellow 
as  follows:      The  top  ' 
which  is  hinged  at  ; 
.ml  supported  by  within  the  ' 

pushed    down   with    the   foot  ifc   within   the 

bellows  and  forces  a  portion  of  it  through  the  upp- 
valve  into  the  rubber  bag.     When  the  ;  <>t  the  foot  is 

removed  from  the  pressure  board,  the  in  be 
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filled  with  air  by  the  spring  which  c  pressure  board. 

This  operation  is  continued,  thus  filling  the  rubber  bag 
compressed  air,   which  flows  to  the  blowpipe  through  the 
rubber  tube  d  when  the  air  cock  of  the  blowpipe  is  open. 
The  elasticity  of  the  rubber  bag  serves  to  equalize  the  pres- 
sure of  the  blast. 

This  form  of  blower  is  capable  of  furnishing  a  strong  and 
nearly  continuous  blast  through  a  jet  i  inch  in  diameter. 

44.  The  blowpipe  should  be  connected  by  rubber  tubing 
to  a  gas  burner  or  other  supply  and  to  the  blower,  care 
being  taken  that  the  bore  of  the  tubing  is  large  enough  to 
avoid  excessive  friction. 

Air  is  mixed  with  the  gas  before  it  is  consumed,  as  other- 
wise the  flame  is  low  in  temperature  and  gives  off  prod 
of  combustion  that  not  only  tarnish  the  metal,  but  also  cover 
it  with  a  coating  that  keeps  the  flame  from  coming  in  contact 
with  it. 

The  gas  should  be  turned  on  first  and  should  be  lighted  at 
the  jet;  air  is  then  admitted  gradually  until  the  flame  is  brought 
to  the  proper  size  and  color.  If  too  much  gas  is  admitted, 
the  flame  will  be  yellow  and  will  blacken  the  work  by  deposit- 
ing a  film  of  carbon  on  it.  If  too  much  air  is  admitted,  the 
flame  will  be  short,  ragged,  and  noisy,  and  the  temperature 
will  be  too  low  to  heat  the  metal  properly.  The  flame  is 
hottest  and  at  its  best  condition  when  it  burns  with  a  pale- 
blue  or  bluish-green  color,  without  any  white  or  yell*  • 

45.  Operation  of  Brazing. — The  article  to  be  brazed 
must  be  well  supported,  and  the  joint  should  be  well  bound 
together  with  iron  wire  to  prevent  the  edges  from  warping 

of  place  when  heated.  Spelter  is  placed  over  the  joint 
in  such  a  manner  that  when  it  fuses  it  will  flow  into  the 
joint.  Powdered  borax  is  then  sprinkled  over  the  joint  or 
seam  for  a  flux,  and  the  blowpipe  flame  is  applied  chiefly  on 
the  thick  parts  of  the  metal  at  first,  so  as  to  heat  the  mass 
uniformly  to  the  temperature  of  fusion  of  the  spelter. 

The  heat  of  the  metal  is  then  increased,  care  being  ta 
to  avoid  giving  much  more  heat  to  the  spelter,  otherwiv 
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may  be  burned  or  spoiled.     As  soon  as  the  metal  is  hot 

enough,  the  borax  will  fuse  and  flow  over  the 

the  heat  rises  a  little  higher,  the  spelter  will  melt  and  flow 

into  the  crevice  and  adhere  t«>  the  faces  of  the  joint.     The 

spelter  will  sweat  into  a  i  siderabk 

if  the  metal  is  clean  and  is  hot  enough. 

46.  The  melting  point  of  the  spelter  and  of  the  metal  to 
which  it  is  applied  may  not  differ  more  than  300°  or  400°; 
consequently,  great  care  must  be  exercised   to  over- 
heating the  metal.      The  heat  must  be   applied   uniformly, 
otherwise  the  work   is  liable  to  warp;    and   it    the  flat: 
directed  on  one  spot  too  long,  a  hole  is  liable  to  be  bu 

at  that  point.  When  brazing  metals  that  have  a  low  melting 
point,  the  blowpipe  flame  should  be  promptly  withdrawn  as 
soon  as  the  spelter  flows. 

Sometimes  the  composition  of  brass  tubing  and  sheet 
brass  is  so  uneven  or  the  material  is  so  impure  that  they 
cannot  be  brazed  satisfactorily.  On  such  n.  older 

only  can  be  us 

Brass  tubing  is  very  brittle  when  hot;    consequent  1-. 
should  not  be  moved  until  it  has  cooled.     The   pn.cr 
brazing  softens  the  parts  that   are  heated,  anil   these  do  nut 
return  to  their  original  hardness  on  cool; 

47.  Small  articles  may  be  D  a  charcoal  fire  with- 
out the  blowpipe;  a  blast,  however,  may  be  used  if  n. 

Large  or  heavy  work    may  be  heated    in   a   forge   fire,  for 
which  clean  coke  free  from  sulphur  is  commonly  used. 
braze    successfully,    three    things    are    rc<  im- 
proper temperature,  neither  too  low  nor  too  high; 
uniform  heating;    third,  proper  fluxing. 

In  selecting  the  spelter  to  be  used,  that  which  will  melt  at 
a  temperature  lower  than  the  melting  point  of  :al  to 

be  brazed  must  be  chosen. 

When  brazing  pieces  to  brass  tubes  that  <   \\ith  a 

brazed  seam,  it  is  unsafe  to  use  spelter. 
danger  of  opening  the  seam.     A  more  fusible  solder,  such 
at  silver  solder,  should  be  used. 
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48.  Types  of  Brazed  Joints. — In  Fig.  32  is  shown  t 
number  of  joints,  suitable  for  different  classes  of  work.  The 
joint  shown  in  Fig  32  (a)  is  called  a  hutt  Joint;  the  lumps 
of  spelter  at  a  are  placed  in  position  ready  for  fusion.  The 
strength  of  this  joint  is  slight,  depending  on  the  area  of  the 
surfaces  that  are  united  by  the  spelter.  The  strength  is 
greatly  increased  by  lapping  the  plates,  as  in  Fig.  32  (b). 
An  equal  amount  of  strength  may  be  secured  and  the  appear- 
ance  greatly  improved  by  beveling,  or  spia\  IMK,  the  edges. 


as  in  Fig.  32  (*),  provided  that  the  plates  are  thick  enough  to 
permit  the  beveling  to  be  extended  to  a  sufficient  width, 
strongest  joint  for  sheet  metals  is  made  by  dovetailing  the 
edges  together  before  brazing,  as  in  Fig.  3 

Thin  tubing  may  be  joined  by  a  slip-join' 
Fig.  32  (<?),  by  first  annealing  one  of  the  ends  and  forrait 
it  into  a  socket.     The  end  is  flared  out  by  means  of  a  dri 
pin  or  plug,  care  being  taken  not  to  split  the  pipe,  aft< 
which  the  metal  is  expanded  by  hammering  until  the 
end  will  enter  properly. 
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Circular  butt   j<>im^        v  he  strengthened  by  means  of 
a  band  put  on  extern;  1  (/);  or  by  an  im< 

ferrule,  as  in  Fig. 

A  knob  brazed  to  the  end  of  a  rod  is  shown  in  Pip.  .°>2  (//). 
To  do  this  job  properly,  the  spelter  must  flow  into  the  so 
and  secure  the  shank  of  the  knob.  A  good  joint  cannot  be 
made  by  merely  securing  the  edges  at  </.  The  rod  should 
be  held  vertically  in  a  suitable  fire  or  flame  until  the  socket 
is  well  heated,  at  the  same  time  heating  the  knob  also. 
Borax  and  spelter  are  then  placed  in  the  socket,  and  as  soon 
as  the  spelter  is  melted,  the  shank  of  the  knob  should  be 
inserted  and  pressed  into  place.  The  spelter  will  How  out- 
wards by  being  displaced  by  the  shank,  filling  the  entire 
joint;  or  the  space  b  at  the  end  of  the  shank  may  be  filled 
with  spelter,  as  shown,  and  the  knob  inserted.  If  the  knob 
and  socket  are  then  heated  in  an  inverted  position,  the  spelter 
in  b  will  flow  around  the  shank  and  sweat  down  to  the  rim  a. 


Pio.  88 

1!>.  P.r.T/.liiu:  t  h<»  Joint  of  :i  I'jil  r  of  Twco'/.ors. — The 
brazing  of  a  pair  of  tweezers,  shown  in  Fig.  33,  is  a  good 
example  of  flat  brazing.  The  surfaces  to  be  brazed  are 
cleaned,  then  some  of  the  spelter  is  applied  to  each  sin 
and  the  pieces  tied  together  with  a  fine  iron  wire  and  h< 
sufficiently  to  melt  the  spelter.  The  heat  may  be  applied 
with  a  blowpipe  or  by  holding  the  pieces  in  a  pair  of  hot 
tongs.  When  the  spelter  is  melted,  the  piece  is  cooled  and 
the  iron  wire  is  taken  off.  If  the  pieces  are  clamped  in  hot 
tongs,  the  iron  wire  may  be  omitted,  the  pieces  being  placed 
in  their  proper  position  and  held  there  by  the  tongs. 

50.       r.r:i/iiiir  T«- in  pr  r«  d--l  «  <   I    A  rl  irlt'8. — In  1 

tempered-steel  article,  the  should  be  done  carefully, 

so  as  to  draw  the  temper  as  little  as  possible.  The  selection 
of  the  proper  spelter  or  solder  is  also  important.  If  an 
article  tempered  t  to  be  brazed  without 
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spoiling  the  temper,  a  spelter  that  will  nn-lt  below  600°  must 
be  used.     As  this  spelter  is  n«»t  M  Strong  Bl  the  hard- 
the  brazed  surfaces  must  be  larger,  so  as  to  make  : 
equally  strong. 

When  brazing  steel   articles  tli  ;*TC<!.   tin- 

pieces  are  sometimes  he-Id  together  by  snapping 
clip  over  the  joint,   to  retain  the  pirns  in  their  pr«)|K.T  |X»- 
tion.     This  clip  is  left  on  after  the  brazing  is  ex  mi  pi 
while  the  piece  is  being  tempered,  provided  that  th« 
ing  is  done  after  the  brazing.     By  this  meat, 
may  be  brazed  with  hard  solder  or  silver,  and 
tempered,  the  clip  or  clamp  being  removed  after  the  work 
is  finished. 

51.     Butt    Bra/Jug. — If  two  thin   pieces  are  to  IK-  luitl- 
brazed — that  is,  brazed  end  to  end,  as  in  making  a  butt 
the  pieces  must  be  held  in  position  in  a  bench  vise-,   hand 
vise,  or  clamp,  and  the  heat  applied  with  a  pa 
with  a  blowpipe.     The  surfaces  to  be  brazed  are  iluxed  with 
borax  and  then  clamped  in  position,  and  a  little  spe-lter  is 
sprinkled  on  the  side  over  the  joint.     Heat  is  then  applied  by 
means  of  a  blowpipe,  a  Bunsen  burner,  or  a  hot  iron,  until  the 
pieces  are  hot  enough  to  melt  the  spelter,  which  will  then 
flow  into  the  joint.     By  giving  one  of  the  pieces  a  slight 
on  the  end,  the  pieces  are  brought  tightly  together.     They  arc 
then  allowed  to  cool  and  the  remaining  spelter  is  se-r. 


52.     Lap   Brazing.— Band   saws  are   always   lap-brazed, 
the  two  ends  being  filed  to  make  an  accurate  joint. 
solder  is  generally  used,  being  applied  between  tin- 
faces;    or  the  surfaces  may  be  coated  with  borax  and  Un- 
solder allowed  to  flow  into  the  joint.     Fig.  34  shows  tin 
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ends  of  a  band  saw  filed  for  brazing.    The  pieces  are  clamped 
together  or  tied  with  a  wi  having  been  fluxed.     The 

I  laid  over  the  joint.  .    be  put  between  the 

pieces.     Wlu-n    the   li.  -.-eher   i: 

the  pieci  l>e  squeezed  tightly   together.     Sil 

contain  10  per  cent,  of  copper,  and  make  a  g(wxl  hard  s 
The  coin  is  pounded  out  until  thin,  and  then  clamped  between 
>urfaces  to  be  brazed  and  the  heat  applied. 

53.     Hni/iim    (  :IM     iron. — Cast   iron   contains   carbon, 

which    prevents  most  metals  from  adhering   to   its   su: 
This   difficulty,    however,    is  overcome  by  first  coatim 
surface  to  be  brazed  with  a  metallic  oxide,  usually  oxide  of 
into  the  consistency  of  varnish  and  applied  to 
the   surface   with   a  brush.      The   metallic  oxide   when   heated 
acts  as  a  reducer  of  the  carbon  on  the  surface  of  the  east  iron 
to  be  brazed;  it  really  decarbonizes  th<  of  the  metal 

for  a  short  d  l.clow   it.     The  removal  of  tl.< 

of  the-  metal  with  an  open  struct: 
the-   spaces  that    formerly   contained  carbon   are   left    ci 

coating  with  oxide  of  copper,  the  Burl 
to  be  brazed  is  brought  to  a   red   heat  by  meai. 
torches,  or  blast  lamps.     The  oxide  of  copper  i  d  to 

•lie  copper  and  unites  with  the  metal  at  the  surface  of 
the  break    After  the  metal  is  brought  to  the  required  tem- 
perature, about    1  h  ordinary  brass  filings  are  put 
the  fracture  and  melted,   as  in   the  ordinary  brazing  process. 
The  fact  that  the  carl"  traCted  from  the  iron  f< 

below   the   surface    allows    the   br  il   to 

C*  of  the-  metal,  and  • 
•••d     joints.       A    brazing     solder    as    si: 
han   cast  iron  lly   employed;   hence,    the 

•iginal  CM  Hie  only  difin 

with  thi  -  brazing  proce 

'•nee.  in  some  cases,   finished  machine  : 
united  in  must  afterwards  be  brought  to  the  proper 

Size. 
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BJCNDING  BRASS  AND  COPPER  PIPE 

.54.  Annealing  Brass  and  Copper  Pipe. — Whenever 
a  piece  of  brass  or  copper  pipe  or  tubing  is  to  be  bent  or 
shaped,  it  must  first  be  annealed,  which  should  make  it  so 
soft  that  the  smaller  sizes  can  be  bent  by  hand.  This 
annealing,  or  softening,  is  done  by  heating  the  metal 
evenly  to  a  dull-red  heat  and  then  plunging  it  into  cold  water. 
In  this  process,  care  must  be  taken  not  to  overheat  brass. 

55.  Bending  Small  Tubing. — The    simplest   way  to 
make  a  bend  in  a  small  tube  is  to  turn  a  block  of  hardwood 
to  the  radius  of  the  desired  curve  and  then  bend  the  pipe 
about  the  block.     When  the  radius  is  small,  this  may  be  done 
as  shown  in  Fig.  35,  a  being  the  block  about  which  the  pipe 
is  to  be  bent  and  d  a  square  block  of  the 

same  thickness,  clamped  in  a  vise  b,  b, 
so  as  to  hold  the  end  of  the  pipe  during 
the  bending.  After  the  two  blocks  a,  d  -;; 
are  so  placed  that  the  pipe  can  just  be 
slipped  between  them,  the  end  of  the 
pipe  c  is  slipped  through  to  the  point 
where  it  is  desired  to  form  the  bend,  and 
the  other  end  is  carried  around,  as  indi- 
cated by  the  dotted  lines,  to  the  desired 
angle.  If  a  greater  bend  than  180°  is 
made,  it  is  sometimes  difficult  to  remove  the  wooden  block 
from  the  tubing. 

In  some  cases,  a  groove  is  turned  about  the  block  a,  the 
radius  of  the  groove  being  equal  to  the  radius  of  the  outside 
of  the  pipe,  so  that  the  pipe  will  bed  itself  in  the  groove 
while  being  bent.  This  aids  in  keeping  the  pipe  from 
flattening.  This  simple  device  will  serve  to  bend  pipe  up 
to  i  inch  in  diameter,  and  is  sometimes  used  for  larger  sizes. 

56.  Support    of   Tubing  Wlille  It  Is  Being  Bent. 

In  order  to  prevent  the  tubing  from  kinking  or  flattening 
while  being  bent,  it  is  necessary  to  fill  the  inside  with  some 
substance.  Sometimes,  when  there  is  a  thread  on  each  end 


IAL    F<)I«;iN'  ATIONS 


of  the  tube,  it  is  filled  wi- 

or  the   tube  may  be  filled   with   water  and  the 
Bd,      \Vh  tilling  in  must 

be  taken  to  fill  the  pipe  completely,  for  if  . 
the  latter  may  be  compre  :   allow  the  pipe  to  t; 

at   some   point.     The  more  common  •  »   fill   the 

tube   with    melted   resin  and  allow  this  to  harden.      I> 
bending,  the  resin  will  be  pulverized,  but  it  will  prevent  the 

1 


\                  '    '  ' 

)!>  0           !       •( 

tube  from  flattening.  After  the  bend  is  made,  the  rosin  can 
easily  be  melted  and  run  out.  Pipes  less  than  *  inch  in 
diameter  are  bent  without  filling:.  n.-dly.  if  the  meiai 

is  thick,  it  is  possible  to  bend  larger  pipes  in  this  manner, 
but  no  risk  should  be  taken  if  a  good  bend  is  requir 

.~>7.      r,.-ii«iintr  Large  Tnhliitf.-    When  it  is  necessary  to 
bend  large  tubes,  some  special  device  mr,  --d.     The 

one  shown  in  Fig.  36  has  been  found  very  convenient. 
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consists  of  two  wheels  a  and  b  arranged  as  shown.  The 
wheel  a  is  clamped  in  a  vise  or  by  means  of  a  special 
clamp.  If  it  is  required  to  bend  greater  angles  than  90°,  the 
vise  or  clamp  must  be  so  located  that  the  lever  c  can  make 
the  desired  portion  of  a  revolution.  The  lever  c%  which  is 
forked  at  the  end  and  carries  the  wheel  b,  is  pivoted  to  the 
pin  g  passing  through  the  center  of  the  wheel  a.  .'• 
permanently  to  the  wheel  a  is  a  clamp  or  yoke  d  that  is  so 
arranged  as  to  hold  the  tube  in  its  proper  position.  The 
radius  of  the  wheel  a  must  be  equal  to  that  of  the  desired 
curve,  and  the  outside  of  each  wheel  is  turned  to  such  a  form 
that  when  the  wheels  are  in  position  they  barely  allow  the 
tube  to  pass  between  them,  thus  preventing  any  tendency  to 
flatten  or  buckle  on  the  part  of  the  metal  that  is  being  bent. 
The  clamp  e  is  placed  on  the  tube  to  be  bent,  so  that  it  will 
locate  the  point  at  which  the  bend  is  to  begin,  on  a  straight 
line  between  the  centers  of  the  wheels  a,  b.  After  the  tube  is 
in  place,  the  lever  c  is  carried  around  the  wheel  a  and  the 
pipe  formed  as  desired.  To  remove  the  bent  tube,  the  pin  h 
may  be  removed  to  allow  the  wheel  b  to  be  taken  out;  or  the 
pin  g  may  be  removed,  thus  allowing  the  entire  lever  c  to  be 
taken  away  from  the  wheel  a.  The  radius  of  the  larger 
wheel  a  is  made  from  -gV  to  iV  inch  less  than  that  of  the  cor- 
responding radius  of  the  pipe,  to  allow  for  the  spring  when  the 
pipe  is  released.  The  wheel  b  is  made  as  small  as  the  stresses 
on  it  will  permit.  

ESTIMATING   STOCK 

58.  The  amount  of  stock  necessary  for  any  piece  of 
can  be  calculated.  Nearly  all  complicated  forgings  can  be 
separated  into  several  simple  parts  and  the  lengths  of  these 
measured  and  their  weights  calculated.  But  generally  such 
estimates  are  made  by  direct  measurements  and  the  use  of 
Tables  II,  HI,  IV,  and  V.  The  lengths  are  found  by  means 
of  a  templet,  string,  soft  wire,  dividers,  or  wheel.  The  line 
measured  in  curved  work,  to  find  the  amour.  light 

stock  necessary,  is  a  line  midway  between  the  inner  and  the 
outer  curves,  as  this  is  neither  shortened  nor  lengthened  i 
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the  bending  operations.  The  wire  or  string  is  laid  on  this 
line  of  the  drawing,  templet,  or  work  that  is  to  be  duplicated, 
and  is  then  straightened  out  on  the  stock.  1  ,  the 

dividers  may  be  stepped  along  this  line  and  tlu>  same  number 
of  steps  repeated  on  the  stock. 

While,  theoretically,  the  finished  work  contai: 
weight  of  stock  as  the  piece  started  with,  tin:  li*jht 

loss  on  account  of  scale  and  burning.     Additional  allow 
must  be  made  in  cutting  stock  for  the  lap  in  welds.     This 
extra  length  \  th  the  area  of  the  piece  and  the  style 

eld,  and  ranges  from  i  inch  to   1   inch.     Small  stock 
usually  requires  a  greater  extra  length  than  heavy  stock. 


SPECIAL  FORGING  OPERATIONS 


r> 


USEFUL  TABLES 

The  temperatures  given  in  Table  I  have  been  adopted  as 
standards  in  work  conducted  at  the  plant  of  the  Bethlehem 
Steel  Company,  South  Bethlehem,  Pa.,  by  Messrs.  Taylor 
and  White,  who  have  carried  on  quite  extensive  experiments 
in  regard  to  temperatures. 

TABLE  I 
TEMPERATURES    CORRESPONDING    TO    VARIOUS    COLORS 


Color 


Temperature 

F. 


Dark  blood  red,  black  red 

Dark  red,  blood  red,  low  red 

Dark  cherry  red 

Medium  cherry  red 

Cherry,  full  red 

Light  cherry  red,  bright  cherry  red,  scaling 

heat,*  light  red 

Salmon,  orange,  free-scaling  heat 

Light  salmon,  light  orange 

Yellow    .    .  ' 

Light  yellow 

White  


990 
,050 

,175 
,250 

,375 

,550 
,650 
,725 
,825 
,975 

2,200 


In  making  calculations  of  stock,  tables  giving  the  weight 
of  various  materials  will  be  found  very  useful.  Table  II 
gives  the  weight  of  square  and  round  wrought-iron  bars; 
Table  III,  the  weight  of  flat  bar  iron;  Table  IV,  the  weight 
of  sheet  iron;  and  Table  V,  the  weights  of  different  metals 
in  ordinary  use.  Table  VI  gives  the  weight,  volume,  anc 
measure  of  water;  while  Table  VII  gives  the  sizes  of  rivets 
and  the  weight  per  hundred. 

*Heat  at  which  scale  forms  and  adheres,  i.  e.,  docs  not  fall  away 
from  the  piece  when  allowed  to  cool  in  air. 
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i  \i;i.i:  ii 

WEIGHT    OF    8QUARI       \M>     K<>r\]>    THOUGHT    IRON. 

I       MM,  I        IN       I    I    N(.   |   || 


Side  or 
Diameter 

Inches 

*** 

s;*s 

fe£u  3 

>* 

htof 
Round  Iron 
Pounds 

Side  or 
Diameter 
Inches 

-!, 

—  *-'  T3 
4=  4,  C 

ht  of 
Round  Iron 
Pounds 

t 

.013 
•053 

.010 

.041 

-4 

64.700 
68.450 

50.810 
53.760 

A 

.118 

.093 

72.300 

56.790 

.211 

.165 

76.260 

59.900 

•475 

80.; 

090 

.663 

5 

84.480 

66. 

1.320 

1.043 

i 

88.780 

69.730 

i.  go  i 

1-493 

93.170 

2.588 

2.032 

97.660 

76.700 

i 

3-380 

2.654 

I  O2 

80.300 

4.278 

3.359 

106.950 

000 

5.280 

4.147 

I  I  1-750 

87.770 

6.390 

5.019 

I  10.670 

•  n.630 

7.604 

5.972 

6 

I  2  I  .660 

95.550 

8.926 

7.010 

i 

4 

132 

-700 

10.352 

8.128 

I 

142. 

i  u.i6o 

11.883 

9-333 

1 

15  j.oio 

120.960 

2 

13-520 

10.620 

7 

165.630 

130.050 

15.263 

1  1  .990 

i 

177.670 

17.112 

13.440 

i 

190 

19.066 

1.4.980 

i 

203.020 

.460 

2  1.  1  2O 

16.590 

8 

2  I  6. 

23.292 

18.290 

1 

230.060 

180.700 

25.560 

20.080 

1 

244.220 

Hjl.SlO 

27-939 

•>40 

1 

258.800 

203.260 

3r 

30.416 

23.890 

9, 

.040 

33-010 

25.930 

1 

289.220 

227.150 

35.704 

28.040 

i 

305.060 

239.600 

38.500 

-'40 

J 

252.380 

41.408 

;io 

10 

265.400 

44.420 

^90 

1 

278.920 

47-534 

130 

i 

292.690 

50.760 

X6o 

J 

306.800 

4 

54.080 

42.460 

1  1 

321.220 

i 

57.510 

170 

1 

336.000 

i 

61.050 

47.950 

i 

351.100 
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TABLE   III 

WEIGHT    OF    A    LINEAL,    FOOT    OF    FLAT    BAR    IRON. 
IN 


Breadth 
Inches 

Thickness,  in  Fractions  of  Inches 

i 

A 

1 

A 

* 

1       i 

1 

' 

Weight,  in  Pounds 

I 

.83 

1.04 

1.25 

1.46 

1.67 

2.08 

2.50 

2.92 

3-34 

I* 

•93 

1.17 

1.40 

1.64 

1.87 

2.34 

2.81 

3.28 

3-75 

li 

1.04 

1.30 

1.56 

1.82 

2.08 

2.60 

3.13 

3.65 

4.17 

if 

1.14 

1.43 

1.72 

2.00 

2.29 

-2.87 

3.44 

4.01 

4-59 

li 

1.25 

1.56 

1.87 

2.19 

x  2.50 

3.13 

3.75 

4.38 

5.00 

if 

1-35 

1.69 

2.03 

2-37 

2.71 

3.39 

4.07 

4.70 

5-43 

ii 

1.46 

1.82 

2.19 

2-55 

2.92 

3.65 

4.38 

5.II 

5-84 

if 

1.56 

1.95 

2.34 

2-74 

3.13 

3.92 

4.69 

5-47 

6.26 

2 

1.6; 

2.08 

2.50 

2.92 

3-34 

4.17 

5.01 

5.86 

6.68 

2* 

1-77 

2.21 

2.66 

3.10 

3-55 

4.43 

5.32 

6.21 

7.10 

2* 

1.87 

2-34 

2.81 

3-28 

3.76 

4.69 

5.63 

6.57 

7.52 

2f 

1.98 

2.47 

2.97 

3-47 

3.96 

4.95 

5.95 

6.94 

7-93 

a* 

2.08 

2.60 

3.13 

3-65 

4.17 

5.21 

6.26 

7-30 

8.35 

at 

2.19 

2.74 

3.28 

3.83 

4-38 

5.47 

6.57 

7.67 

8.77 

2* 

2.29 

2.87 

3-44 

4.01 

4-59 

5.74 

6.88 

8.03 

9.18 

2! 

2.40 

3.00 

3.60 

4.20 

4.80 

6.00 

7.20 

8.40 

9.60 

3 

2.50 

3-13 

3-75 

4-38 

5.01 

6.26 

7-51 

8.76 

10.02 

si 

2.71 

3-39 

4.07 

4-74 

5-43 

6.78 

8.14 

9.49 

10.86 

3* 

2.92 

3-65 

4.38 

5-II 

5.84 

7.30 

8.76 

10.23 

11.69 

3« 

3-!3 

3.91 

4.68 

5-47 

6.26 

7.82 

9-39 

10.95 

12.52 

4 

3-34 

4.17 

5.00 

5.84 

6.68 

8.35 

10.02 

11.69 

13-36 

4i 

3-54 

4-43 

5-32 

6.21 

7.09 

8.87 

10.64 

i  J  .  4  -' 

14-  '9 

4* 

3-75 

4.69 

5-63 

6.57 

7.5i 

9.39 

11.27 

13.15 

15.03 

4* 

4.06 

4-95 

5-94 

6.94 

7-93 

9.91 

I1.89 

13.88 

15-86 

5 

4.17 

5.21 

6.26 

7-30 

8.35 

10.44 

12.52 

14.61 

16.70 

si 

4.38 

5-47 

6.57 

7.67 

8.76 

10.96 

I3-M 

15.34 

5* 

4-59 

5-73 

6.88 

8.03 

9.18 

11.48 

13-77 

16.07 

18.37 

si 

4.80 

6.00 

7.20 

8.40 

9.60 

12.00 

14.40 

1  6.80 

19.20 

6 

S.oi 

6.25 

7-51 

8.76 

IO.02 

12.53 

15.03 

17.53 

20.05 
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r  \i;i  .1.    iv 
WEIGHT    OF    SHEET    ANN     I'l  All.     IKON 


Thickness 

tel 

'S^o 

**  D  o< 

^  ~ 

00 

is  i 

j| 

Tart  of  an  Inch 

OQ'O 

•  f  an  huh 

36 

.00400 

.126 

1  1 

.12000 

4.480 

35 

.00500 

.202 

i  or  .12500 

5.054 

34 

.00700 

.283 

10 

.13400 

33 

.00800 

.322 

9 

.14800 

5.980 

32 

.00900 

.364 

A  or  .15620 

6.305 

3i 

.01000 

.405 

8 

.  10500 

6.605 

30 

.01200 

.485 

7 

.18000 

7.270 

29 

.01300 

.526 

A  or  .18750 

28 

.01400 

•594 

6 

.20300 

8.005 

27 

.01600 

.677 

A  or  .21870 

8.790 

.01800 

•755 

5 

.22000 

8.912 

25 

.02000 

.Si  i 

4 

.23800 

9.620 

24 

.02200 

.912 

i  or  .25000 

23 

.02500 

1.078 

3 

.25900 

10.370 

22 

.O28OO 

I.I37 

A  or  .28120 

1  1.380 

A  or  .03125 

1.259 

2 

.28400 

i  [.525 

21 

.03200 

I.3IO 

I 

.30000 

12.  i  50 

20 

.03500 

1.416 

A  or  .31250 

12.580 

19 

.04200 

1.695 

0 

.34000 

13.750 

18 

.04900 

1-975 

H  or  .34370 

17 

.05800 

2-350 

f  or  .37500 

[5.100 

16 

.06500 

2.637 

00 

.38000 

15.260 

A  or  .06250 

2.518 

if  or  .40620 

15 

.07200 

2.920 

000 

^00 

17.135 

'4 

.08300 

3.350 

A  or  .43750 

17.650 

A  or  .09370 

$.780 

0000 

.45400 

18.300 

13 

.09500 

3.850 

H  or  .46070 

12 

.10900 

4.400 

i  or  .50000 

20.000 
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TABLE  V 
WEIGHTS    OF    VARIOUS    METALS    IN    ORDINARY    USK 


Metals 


Weight  of  a 

Cubic  Foot 

Pounds 


Weight  of  a 
Inch 
Pounds 


Brass 488.75 

Brass,  sheets 513.60 

Brass,  wire 524.16 

Copper,  cast 547.25 

Copper,  plates 543.62 

Iron,  cast 450.43 

Iron,  plates 481.50 

Iron,  wrought  bars 486.75 

Lead,  cast 709.50 

Lead,  rolled 711. 75 

Mercury,  60°  F 848.74 

Steel,  plates 490.00 

Steel,  soft 489.56 

Tin     .    .    . 455.68 

Zinc,  cast 428.81 

Zinc,  rolled 449.28 


.282 
.297 
•303 
•3'7 
.316 
.260 
.278 
.281 
.410 
.411 
.491 
.282 
.283 
.263 
.248 
.260 


TABLE  VI 
WEIGHT,    VOLUME,    AND    MEASURE    OF    WATER 


Weight 


Volume 


83  pounds 
pounds 
i  pound 


231  cubic  inches 

i  cubic  foot 
27.8  cubic  inches 


i  gallon 
7}  gallons 
1.04  pints 
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TABLE    vii 

SIZES    OF    RIVETS    AND     \V  I   H  .  1 II  x     I'll 


Umfe'r 
BMd 
Inches 

Diameter,  in  Inches 

1 

i 

i 

* 

i 

*hts.  in  Pounds 

I* 

5-4 

12.6 

21.5 

28.7 

43-1 

65.3 

91.5 

123 

I* 

6.2 

13.9 

23-7 

31.8 

47-3 

70-7 

98.4 

'33 

If 

6.9 

15-3 

25.8 

34-9 

5'-4 

76.2 

105.0 

142 

2 

7-7 

16.6 

27.9 

37-9 

55-6 

81.6 

1  12.0 

150 

2i 

8-5 

18.0 

30.0 

59-8 

87.1 

159 

•i 

9.2 

32.2 

44.1 

63.0 

92.5 

2f 

20.7 

34-3 

47  i 

68.1 

98.0 

133-0 

3 

10.8 

22.1 

72-3 

103.0 

3i 

11.5 

23  5 

38.6 

53-3 

109.0 

193 

3* 

12.3 

24.8 

80.7 

3f 

13  i 

26.2 

42.8 

59-4 

84.8 

210 

4 

13-8 

27-5 

45-0 

89.0 

218 

4* 

28.9 

47-1 

65.6 

93-2 

227 

4i 

15-4 

30-3 

68.6 

136.0 

181.0 

236 

4f 

16.2 

31.6 

51.4 

71-7 

188.0 

5 

16.9 

33-o 

53-5 

74-8 

1  06.0 

253 

5i 

17-7 

34-4 

55-6 

77-8 

I  10.0 

I53.o 

si 

18.4 

35-7 

57-7 

80.9 

158.0 

209.0 

270 

si 

37-i 

59-9 

84.0 

118.0 

278 

6 

20.0 

38.5 

62.0 

87.0 

122.  0 

223.0 

287 

6* 

21.5 

66.3 

93.2 

iSo.O 

236.0 

304 

7 

23.0 

43-9 

70.5 

99-3 

139.0 

321 

7* 

24.6 

46.6 

74-8 

1  06.0 

202.  o 

338 

8 

79.0 

112.  0 

156.0 

213.0 

278.0 

355 

8* 

27.6 

52.1 

83.3 

118.0 

223.0 

292.0 

372 

9 

29.2 

54-8 

87.6 

124.0 

173-0 

234.0 

306.0 

389 

9i 

30.7 

57-6 

91.8 

181.0 

319.0 

10 

32.2 

60.3 

96.1 

I36.O 

189.0 

256.0 

333-0 

423 

io| 

33-8 

63.0 

IOI.O 

198.0 

3470 

K 

35-3 

65.7 

105.0 

148.0 

206.0 

278.0 

361.0 

457 

Hi 

36.8 

68.5 

109.0 

155.0 

289.0 

375-0 

12 

38.4 

71.2 

113.0 

223.0 

300.0 

388.0 

A  SERIES  OF  QUESTIONS 
AND  EXAMPLES 

RELATING  TO  THE  SUBJECTS 
TREATED  OF  IN  THIS  VOLUME 


It  will  be  noticed  that  the  various  Examination  Ques- 
tions that  follow  have  been  given  the  same  section  numbers 
as  the  Instruction  Papers  to  which  they  refer.  No  attempt 
should  be  made  to  answer  any  of  the  questions  or  to  solve 
any  of  the  examples  until  the  Instruction  Paper  having 
the  same  section  number  has  been  carefully  studied. 
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MACHINE  MOLDING. 


EXAMINATION    Ol  I-S  I  IO\> 

(1)  What  is  the  pressure  of  the  com;  nr  ordinarily 
used  for  operating  pneumatic  ram  in 

(2)  How  many  blows  per  minute  can  be.  struck  by  a  small 
pneumatic  rammer  ? 

(3)  Why  is  ramming  done  with  a  pneumatic  rammer  UMI- 
ally  more  even  than  that  done  by  hand  ? 

(4)  What  classes  of  work  can  be  made  to  advantage  on  a 
molding  machine  of  the  presser  type,  such  as  is  M nut-times 
called  a  squeezer  ? 

(5)  What  is  the  advantage  of  placing  all  of  the  im-d.. 
of  a  molding  machine  above  the  flask  and  the  sand  ? 

(G)     On    what   does  the  capacity  <»f  a  molding 
depend  ? 

(7)  What  is  the  advantage  of  having  a  molding  machine 
portable,  that  is,  placing  it  on  wheels  so  that  it  can  1> 
along  the  foundry  floor  ? 

(8)  Describe  briefly  the  action  of  a  machine  intend- 
drawing  patterns  from  a  mold  in  which  the  pattern  is  held 
by  means  of  a  vacuum  cup. 

(9)  What  is  a  stripping-plate  molding  machine  ? 

(10)  In  the  case  of  a  molding  machine  that  c..m; 
the  sand  over  the  pattern,  why  is  the  in 

head  frequently  made  to  conform  to  the  shape  of  the  pattern  ? 
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(11)     What   is  tin-  object  of  the    vibrator   frame  Un- 
attached to  the  mate;.  .g  the  patterns  in  some  molding 

machines  ? 


Describe  briefly  the  making  of  a  mold  on  an  auto- 
matic molding  machine. 

(13)     Describe  an  arrangement  for  molding  circular  t 
such  as  sheaves,  by  means  of  a  stripping  pi. 

ill)     Why  are  wooden  match  boards  not  used  as  mu(  : 
composition  match  board 

(15)  What  are  the  objections  to  a  p  .-match 

board  ? 

(16)  What  are  the  advantages  of  a  match  board  n 
from  sand,  boiled  linseed  oil,  and  litharge  ? 

(17)  When  a  great  many  small  castings,  exactly  alike, 
are  required,  how  may  the  pattern  be  arranged  so  as  to 
produce  a  great  number  with  the  least  amount  of  work  for 
the  molder  ? 

(18)  Describe  the  process  of  molding  a  gear  on  a  gear- 
molding  machine. 

(19)  Describe   briefly   a    machine    for   molding    cm 
pipes. 

(20)  How  may  castings,  such  as  plowshares,  be  molded 
without  making  separate  copes  and  drags  for  the  molds  ? 


FOUNDRY  APPLIANCES. 

(PART  1.) 


EXAMINATION  QUESTIONS. 

(1)  What  points  should  be  taken  into  consideration  when 
selecting  the  site  for  a  foundry  ? 

(2)  Is  it  always  good  practice  to  provide  ground  in  < 
nection  with  a  foundry  upon  which  to  dump  refuse,  such  as 
slag,  burned  sand,  etc.  ?     Give  reasons. 

(3)  What  provisions  should  be  made  for  lighting  a  foundry 
both  by  means  of  natural  and  artificial  light  ? 

(4)  What  buildings  or  departments   are   included  in  a 
large  modern  foundry  plant  ? 

(5)  (a)  What  is  the  purpose  of  a  stock  yard  in  connection 
with  a  foundry  ?     (b)  If  an  elevated  structure  is  used  in  the 
stock  yard,  what  material  should  be  stored  on  the  upper  level 
and  what  on  the  lower  level  ? 

(6)  What  are  the  advantages  of  locating  the  cupolas  at 
the  center  of  one  side  of  the  melting  floor  ? 

(7)  What  two  styles  of  machines  are  used  for  furnishing 
blast  to  a  cupola  ? 

(8)  In   a   case   where   the  tuyeres  of   a  cupola  become 
slightly  clogged,  which  style  of  machine  for  furnishing  blast 
would  be  preferable  ? 

(9)  (a)  In  the  case  of  a  traveling  crane  having  consider- 
able  span,  why  is  it  important  that  the  power 

the  crane  along  the  runways  should  be  applied  to  the  opera- 
ting shaft  at  or  near  the  middle  of  the  bridge  of  the  crane  ? 
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(If)  Why  is  it  best  to  have  a  heavy  load  suspended  near  the 
middle  of  the  td,  while  : 

-tii  of  the  foundry  ? 

(10)  0/1    What    is   a    ji:  :  <>r    what    are   jib 

ill)    What  are  some  of  the  ao^nu  air  or  pneun. 

hoists  ? 

i  l-.'i     What   is  necessary  in  a  complete  system  for  prepar- 
ing and  distributing  mo].,  i  ? 

I)      Why    are    steel    ropes   or    chains    not    suitable 
operating  conveyers  for  handling  molding  sand  ? 

(1-1)      Describe  a  >ystnn  «»f  sand  conveyer  that  is  suitable 
••nvrying   molding  sand    fr<>m  the  place  wliere    it  is  pre- 
pared to  the  various  molding  machines. 

I  i:»i      I  -  one  form  of  machine  for  sifting  sand. 

(!••.)     (,n  What  is  a  magnetic  separator  ?    (/')  l'«n- what  is 

a  ma.  -cparator  usually  cmployt-d  in  a  bra>s    foundry  ? 

(c)  For  what  is  a  magnetic  separator  usually  employed  in  an 

iron  foundry  ? 

(11)  l)cx  ribe  one  form  of  sand  mixer, 
(is)      !><•>.  ribe  one  form  of  sand  elevator. 

( I'.M      I;or  what  Class  of  molds  arr  mold  roi  'dapted  ? 

'I      What    is  the  adv. r  liaving  double   elcva! 

the  two  cages  being  balanced  against  each  other  ? 


FOUNDRY  Al'PUAMHS. 

(PART 


EXAMINATION  QUESTIONS, 

(1)  (^7)   In  selecting  a  flask   for  makii 

what  must  be  considered  in   regard  to  tin-  am. .unt 

ing  sand  required  ?     (b)  Why  should  flask-. 

in  weight  as  is  possible  without  impairing  their  strength  or 

stiffness  ? 

(2)  Why    are    iron    flasks    necessary    in    niaJ. 
castings  ? 

(3)  (a)   If  a  large  number  of  heavy  castin  quired 
from  a   given  pattern,  should    loam   or  dry-sand    mold 
used  ?     (b)  Give  reasons. 

(4)  Why  is  it  that,  as  a  rule,  large  flasks  cannot  IK-  made 
interchangeable  ? 

(5)  When  flasks  are  not  made:  inteni 
the  pins  frequently  arranged  so  as  to  insn: 
between  the  pins  and  the  sockets,  or  notches,   int 
they  fit  ? 

(6)  Why  are  cross-bars  introduced  into  the  cope  p< 
of  large  flasks  ? 

(7)  What  is  the  advantage  of  placing  the  top  rdgr  of  the 
cross-bars  1  inch  or  more  below  the  top  edge  of  tin-  tl 

(8)  In  bracing  between   long  iron  ci 

why  is  it  better  to  use  cast-iron  braces  bolted  in  place  than 
to  use  wooden  braces  driven  in  place  and  held  by  friction? 
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(9)  What  is  a  snap  ilask  ? 

(10)  (a)  How    many     mold    boards    does   each     moldcr 
require  when  making  one  small  moU;  How 
many  bottom  boards  does  he  require  under  the 
cumstaix 

(11)  Why  should  the  core  plates  used  for  drying  cores  in 
halves  have  true  plane  surfaces  ? 

•-')  In  the  style  of  core  oven  in  which  the  cores  are 
placed  on  racks  that  swing  out  of  the  oven  to  put  in  or 
remove  cores,  how  is  the  oven  closed  when  the  rack  is 
swung  out  ? 

(13)  Give   a   core   mixture    suitable    for    use   in    a 
machine. 

(14)  Describe  one  machine  for  grinding  rosin. 

(16)  Describe  the  pneumatic  chipping  hammer. 

( 1  <;)     What  two  classes  of  machines  are  used  for  removing 
gates  and  sprues  from  brass  castings  ? 

(17)  What  is  a  tumbling  barrel  ? 

(18)  What  is  the  object  of  placing  iron  star  castings  in 
tumbling  barrels  ? 

(19)  What  is  the  advantage  of  using  exhaust   tumbling 
barrels  ? 

(20)  Describe  the  method  of  cleaning  castings  by  m 
of  the  sand  b! 

(21)  How  can  the  man  operating  the  sand-blast  cleaning 
apparatus  be  protected  from  inhaling  the  sand  ? 

)     What  is  a  cinder  mill  ? 


MALLEABLE  CASTING. 

(PART  1.) 


EXAMINATION  QUESTIONS. 

(1)  In  what  respect  does  a  malleable  casting  differ  from 

an  ordinary  casting  ? 

(2)  What  is  the  tensile  strength  of  good  malleable  iron  ? 

(3)  If  it  is  desired  to  produce  a  white  casting  of  moderate 
thickness,  should  it  be  poured  from  comparatively  dull  iron 
or  from  very  hot  iron;  that  is,  which  iron  will  chill  the  best  ? 

(4)  What  allowance  must  be  made  in  the  patten 
malleable  castings  in  order  to  compensate  for  the  shrinkage 
of  the  hard  castings  ? 

(5)  What  are  the  chemical  elements  contained  in  malle- 
able cast  iron  ? 

(6)  In  what  form  does  carbon  exist  in  the  white  castings 
for  malleable  work  before  annealing  ? 

(7)  In  what  form  does  the  carbon  exist  in  the  malleable 
castings  after  annealing  ? 

(8)  (a)  What  is  ferrosilicon  ?     (b)  For  what  purposes  is 
ferrosilicon  used  in  malleable  work  ? 

(9)  What  two  classes  of  scrap  iron  are  produced  in  the 
malleable  foundry  ? 

(10)  Describe  briefly  the  method  used  in  calculating  the 
proportions  of  the  mixture  for  malleable  castings  in  order  to 
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obtain  the  desired  amount  of  each  <! 
and  grades  of  pig  iron  on  liaiul. 

(11  )      Pof   what   da  :  k    is   th> 

process  adapted  ? 

work  ':     (/•)    \Vli 
cupola  process  for  mallcal 

\)     What  are  mtages  of  the  coal-f  urnace,  or 

furnace,  process  as  compared  with  tin-  cupola  pi 

(14)      What  are   the  disadv.r  ;   the  coal  hi; 

air-furnace,  process  as  compared  with  tin-  cupola  p; 

i  i:>)      I)eserit»e  the  preparation  of  the  bottom  I,  or 

furnace. 

.»      l>escril>e    the   method    of 
furnace. 


(17)     What  ki    d   of  mal   should  !»«•   used  in  tiring  a 
furnace  ? 

-)      Describe  thepro])cr  method  of  firii 

(1U)      Describe    tin*  making  of  a    lest    i)luj4.  including 
obtaining  1  from  the  bath. 

i    rahlilini^  ,i  charge  in  a 
coal,  or  air,  furnace  while  it  is  being  melted  ? 


MALLEABLE  CASTING. 

(PART  2.) 

EXAMINATION  QUESTIONS, 

(1)  What  is  a  regenerative  furnace  ? 

(2)  Describe  the  manner  in  which  the  air  an- 1  ^as  are 
heated  in  a  regenerative  furnace. 

(3)  What  is  the  approximate  temperature  of  the  heated 
gases,  as  they  leave  the  regenerative  furnace,  before  they 

enter  the  checkerwork  ? 

(4)  What  kind  of  brick  should  be  used  for  all  the  parts 
of  the  interior  lining  of  a  regenerative  malleable-iron  fur- 
nace above  the  checkerwork  ? 

(5)  Describe  the  making  of  the  bottom  in  an  open-hearth 
furnace. 

(6)  Why  is  it  better  before  firing  a  furnace  to  build  up 
the  bottom  a  few  inches  at  a  time  rather  than  to  build  it  up 

all  at  once  ? 

(7)  Describe  the  charging  of  an  open-hearth   furnace, 
including  a  description  of  the  tools  used. 

(8)  What  is  the  advantage  of  having  two  or  mm 
ping  spouts  arranged  at  different  heigh 

(9)  In  the  tilting  open-hearth  furna.v.  i>  the  hotter  or 
colder  portion  of  the  bath  of  iron  poured  fi 

(10)  What  are  the  fuels  used  in  the  open-hearth  furnace  ? 
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(11)  When  natural  gas  is  used  as  a  fuel  in  tin-  open -hearth 
furnace,  why  is  it  the  usual  practice  to  preheat  ;dy  ? 

(12)  When  <>il   is  burned  in  an  open-hearth  furnace,  how 
usually  introduced  into  tin-  furnace? 

I)     Why  is  hydrogen  not  a  desirable  constituent  of  pro- 
ducer gas,  especially  when  present  in  large*  quant  it 

(14)  (a)   How  is  t<  in   the   ! 
flues  that  conduct  the  producer  gas  from  the  producers  t<»  the 
furnaces  disposed  of  ?     (b)  What  provision  must  be  madr  in 
Constructing    the    lines  to  enable  t :.                              dispose'. 

(15)  Why  is   it   very  important   that   the   charge   of   ir.ui 
melted  at  one  heal  be  removed  as  quickly  .is   possible  when 
tapping    the    fur:  .My    when    the    iron    is   carried 
away  in  hand  ladles? 

(16)  How     are     the     hard     malleable    <  usually 
cleaned  ? 

(17)  Describe      the     sand-blast      method      for     cleaning 

casting!. 

(18)  When  hydn>{lu<>riV  acid   is   used  as  a  pi.-kling  solu- 
tion, how  doe-  it   remove  the  sand  from  the  cast  in: 

(19)  When  sulphuric  acid   is  used  as  a  pickling  >->lulion, 
Iocs  it  remove  the  sand  from  the  castings  ? 


MALLEABLE  CASTING. 

(PART  3.) 


EXAMINATION   QUESTIONS. 

(1)  What  is  the  object  of  packing  castings  in  some  suit- 
able material  during  the  annealing  process  ? 

(2)  If  castings   come  from  the  annealing  oven  without 
being   fully   annealed,   what   should    be  done   with   them  ? 

Answer  fully. 

(3)  What  changes  does  the  carbon  in  the  white  castings 
undergo   during    the    annealing    process  ?     Answer    fully, 
stating  whether  the  carbon  in  the  annealed  castings  is  uni- 
form throughout  or  whether  it  varies. 

(4)  If   it  is  necessary  to  ship   castings  at  once  s< 
there   is   not   time    to  pack   them    and    treat   them  in   the 
ordinary  annealing  furnaces,  how  may  a  quick  anneal, 
able  for  some  work,  be  made  ? 

(5)  (a)  What  is  the  material  generally  used  for  packing 
malleable  castings  during  the  annealing  process  in  the  case 
of  iron  that  was  melted  in  a  reverberatory  <>r  air  furnace? 
(b)  What  is  the  material  used  for  packing  malleable  cast ; 
during  the  annealing  process  in   the  case  of  castings  the 
iron  for  which  was  melted  in  a  cupola  ? 

(6)  If  any  molding  sand  were  allowed  to  remain  on  th<- 
castings   when    they    are   packed    in   the    annealing    pots, 
what  would  be  the  result  ? 
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(7)  Why  is  the  scale  used  as  packing  material  frequently 
sprinkled  with  a  weak   solution   of  sal   ammoniac  after  the 
heat  ? 

(8)  Describe  the  ordinary  type  of  annealing  pot  used  for 
.ding  malleal  ngs. 

What    is  thr  disadvantage  of  <  overing  the  top  of  the 
annealing  pots  with  mud  ? 

(10)  In   packing  delicate  castings  in  annealing    pots,  in 
what  part  of  the  pot  should  they  be  placed  ? 

(11)  Why  can  the  interior  portions  of  an  annealing  oven 
be   built    of   much    cheaper   material   than    that   used  in   the 
inciting  furnace  ? 

(  I'M     What  fuels  may  be  used  for  heating  annealing  ov 

(13)      How  is  natura  netimes  burned  in  the  anneal- 

ing oven  in  such  a  manner  as  to  need  n«»  outside  tin-place  or 
combustion  chamber  ? 

Ill)      How  arc  the  annealing  pots  placed  in  the  annealing 
oven  or  withdrawn  from  the-  same  ? 

(15)  When  annealing  air-furnace  iron,  what  should  be  the 
temperature  of  the  annealing  oven  ? 

(16)  After  the  scal«-    used  fm-  packing   material  lias   ! 
removed   from  the  puts,  how  is  it  treated   for  use  in  pat-king 
the  next  set  of  p<> 

(1?)      How  <au  very  light  castings  that  are  to  be   polished 
or  plated  be  polished  while  being  tumbled  ? 

(18)     Why    do    emery  wheels  that   are    from   medium   to 
in    grade    give    better    results   than    hard    wheels    when 
grinding  malleable  castings? 

•i      Wh.it    equipment     is    necessary   in    the    chipping  or 
.irtment  of   an  ordinary  malleable-iron 

•  ding  ovens   in    which    the 

i  be  done   by  traveling  cranes    instead   of    the 
ordinary  trucks. 


BRASS  FOUNDING. 


EXAMINATION   yi  i;s  I  IO\9. 

(1)  Why  is  it  necessary  to  use  a  finer  grade  of  sand  f<>r 
molds  intended  for  brass  castings  than  for  those  intrmlr. 
iron  castings  ? 

(2)  Under  what  circumstances  does  it  become  necessary 
to  use  dry-sand  or  loam  molds  for  brass  or  bnm/.c  castings? 

(3)  (a)  What  are  the  objections  to  using  ordinary  parting 
sand    for    molds    intended    for   brass    castings  ?     (/>)   \\ 
materials  are  used  for  parting  the  cope  and  nowel  portions 
of  a  mold  intended  for  brass  work  ? 

(4)  How  are  brass  castings  usually  cleaned  ? 

(5)  Describe    a   simple    furnace    for    melting    brass   in 
crucibles. 

(6)  When   a  cupola  is  used  for  melting  alloys,  such  as 
brass,  what  are  the  objections  to  mixing  the  different  m- 
composing   the   alloy  before  they   are  passed  through  the 
cupola  ? 

(7)  What  are  some  of  the  advantage  il-burning 
furnace  for  melting  brass  ? 

(8)  What  is  the  object  in  maintaining  a  new  < 
a  heat   of   about  220°  F.  for  several  days  bef« 
used  ? 

(9)  (a)    Describe  the  tongs  necessary  for  handling 

bles  into  and  out  of  the  furnace,     (b)    \  the  appli- 

ances used  for  supporting  tin-  crucibl.-s  while  carrying  them 
about  the  floor  or  when  pouring  the  molds. 
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(10)  (a)  What  is  the  advantage  of  introducing  silicon 
into  alloys  containing   copper,   such   as   brass  or   bronze  ? 
(6)  How  is  silicon  added  to  the  alloys  ? 

(11)  (a)  What  is  the  object  of  adding  phosphorus  to  a 
brass  or  bronze  alloy?     (£)  II « >\\  may  phosphorus  be  added 
to  a  brass  or  bronze  alloy  ? 

.')     What  is  gun  metal  ? 

.)     When   melting  tin  in  a  crucible,  why  is  it  neces- 
to  watch  it  carefully  anil  remove  it  from  the  fire  as  soon  as 
the  tin  is  inched,  thus  avoiding  raising  the  temperature  of 
the  metal  much  above  the  melting  point  ? 

(14)  What  is  brass? 

(15)  What  is  bronze  ? 

(!•;)     If  bismuth  be  added  to  an  alloy  of  other  metals, 
what  effect  has  it  on  the  melting  point  of  the  alloy  ? 

(17)  What   effect,   in   general,   has   antimony   on   other 
metals  with  which  it  is  alloyed  ? 

(18)  How  is  scrap  brass  graded  ? 

(19)  Why   is  it  not  good  practice  to  use  phosphorus  in 
castings  that  are  to  be  subjected  to  high  temperatui 

(20)  When   bra>s  chips   are  to  be  melted,  how  may   any 
iron  chips  or  tilings  be  removed  from  them  ? 


BLACKSMITH-SHOP  EQUIPMENT 

EXAMINATION  QUESTIONS 

(1)  What  is  the  purpose  of  the  tuyere  in  a  forge? 

(2)  Why  should  the  top  board  of  the  bellows  be  held  up 

when  the  bellows  is  not  in  use?     • 

(3)  What  blast  pressure  is  ordinarily  used  for  a  black- 
smith's forge? 

(4)  How  are  the  gases  and  smoke  from  the  forge  carried 
off  when  the  down-draft  system  is  used? 

(5)  What    is    the    greatest    advantage    of   a   down 

system  ? 

(6)  Why  should  the  fan  or  blower  be  located  near  the 
forge  ? 

(7)  How  may  the  danger  of  explosion  of  gas  that  may 
leak  into  the  blast  pipe  from  the  forge  be  prevented? 

(8)  What  fuel  is  most  commonly  used  on  a  blacksmith's 
forge? 

(9)  Why  should  fuel  containing  sulphur  and  phosphorus 
be  avoided  for  heating  iron? 

(10)  What  is  the  objection  to  supplying  too  much  air  to  a 
forge  fire? 

(11)  Describe  one  method  of  starting  a  fire  in  a  black- 
smith's forge. 

(12)  What  are  the  advantages  of  the  hollow  fire? 

(13)  Why  is  the  face  of  an  anvil  crowned  crosswise? 

(14)  Explain  the  uses  of  the  flatter  and  the  fuller. 
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(15)  How  dues   the   form  of  the  hot  cutter  differ  from 
that  of  the  cold  cutter? 

(16)  State  the  use  of  the  tapered  mandrel. 

(17)  For  what  purpose  is  the  surface  plate  used  in  a 
forge  shop? 

(18)  What  is  the  best  material  for  marking  work  th 
to  be  heated  in  the  forge? 

(19)  For  what  kind  of  work  is  the  cape  chisel  used? 

(20)  Why  should   the   haiv  he  lifted  slightly 
from  the  work  on  the  backward  stroke? 


IRON  FORGING 


EXAMINATION   QUESTIONS 

(1)  What  are  the  differences  in  composition  and  structure 
between  wrought  iron  and  cast  iron? 

(2)  What  effect  has  careful  reheating  and  working  on  the 
strength  of  wrought  iron? 

(3)  What  is  meant  by  the  term  drawing? 

(4)  What  is  meant  by  the  term  welding? 

(5)  In  drawing  down  a  piece  of  square  work,  state  the 
order  in  which  the  four  sides  should  be  brought  under  the 
hammer. 

(6)  Describe  one  method  of  making  a  figure-8  link  with 
unwelded   ends,    like    that    shown   in 

Fig.  I. 

(7)  Why  is  it  well  when  upsetting 
the  end   of  a  bar  to  make   the   final 
heat  a  welding  heat? 

(8)  How   does   the   size   of   stock 

for  steel  bolts  compare  with  that  of  wrought-iron  bolts  of 
the  same  diameter? 

(9)  What  is  the  object  in  using  a  flux  when  welding  iron? 

(10)  What  are  the  most  common  fluxes  used:     (a)  for 
welding  wrought  iron?    (b)  for  welding  steel?   and  (c)  for 
welding  steel  to.  wrought  iron? 

(11)  How  is  calcined  borax  made? 

(12)  Describe  the  making  of  a  scarf  weld. 
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(13)  If  the  largest  available  stock  for  the  shaft  shown  in 
Fig.  II  is  a  bar  3  inches  in  diameter,  describe  one  method 
of  forging  it,  the  dimensions  on  the  drawing  being  finished 
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Pic,.  II 

dimensions,  and  it  being  necessary  for  the  blacksmith  to 
allow  iV  inch  all  over  the  piece,  to  be  turned  off  in  finishing. 

(14)  In  what  class  of  work  is  a  cleft  weld 
generally  used? 

( 15)  What  is  meant  by  the  term  fagoting? 

(16)  What  is  the  length  of  stock  neces- 
sary for  a  ring  of  1-inch  round  iron  having 
an  inside  diameter  of   12   inches,    allowing 
I  inch  for  upsetting  and  scarfing? 

(17)  Describe  a  method  of  forging  the 
round  pin  shown    in    Fig.   Ill,  any  desired 
size  of  stock  being  available. 

(18)  How  are  boiler  tubes  welded? 
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EXAMINATION   QUESTIONS 

(1)  What  is  ordinarily  meant  by  the  term  tool  steel,  and 
what  element  gives  it  its  useful  property,  alloy  steels  not 
being  considered  ? 

(2)  What  is  the  most  valuable  property  of  tool  steel  ? 

(3)  How  is  blister  steel  made? 

(4)  How  is  shear  steel  made? 

(5)  How  is  crucible  steel  made? 

(6)  What  is  meant  by  the  temper  of  tool  steel  ? 

(7)  What  percentage  of  carbon  is  contained  in  the  best 

steel  for  general  work? 

(8)  How  is  high-carbon  tool  steel  annealed? 

(9)  How  is  high-carbon  tool  steel  hardened? 

(10)  How  is  high-carbon  tool  steel  tempered? 

(11)  Give  the  names  of  the  temper  colors,  beginning  with 
the  one  indicating  the  hardest  steel. 

(12)  What  is  meant  by  soaking  steel? 

(13)  How  is  a  cold  chisel  hardened  and  tempered  in  one 
heat? 

(14)  Describe  one  method  of  tempering  a  spring. 

(15)  Why  is  a  flux  used  when  welding  steel? 

(16)  Describe  the  steeling  of  a  pick  point. 

(17)  How  may  alloy,  or  high-speed,  tool  steels  be  annealed? 
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(18)  To  \\  igh-speed  tool 
for  harden 

(19)  How  can  alloy  tool  suvls  he-  «listimjuislu-il  from  hi^h- 
carbon  tool  steels  by  t! 

(20)  Describe  one  method  t"« 

:he  bar. 


HARDENING  AND  TBIPHKI.M; 

EXAMINATION   QUESTIONS 

(1)  What   distinguishes    tool    steel   from   a   low-carbon 
steel? 

(2)  What  is  the  object  of  Using  a  muffle  when  heating 
tool  steel? 

(3)  Why  is  oil  or  gas  better  than  a  solid  fuel  for  heat- 
ing steel? 

(4)  Why  is  a  lead  bath  sometimes  used  for  heating  steel? 

(5)  Why  is  steel  annealed? 

(6)  Describe  the  process  of  water-annealing  small  pieces 
of  steel. 

(7)  What  should  be  the  temperature  of  the  hardening 
bath  for  ordinary  work? 

(8)  For  what  two  purposes  is  salt  added  to  the  harden- 
ing bath? 

(9)  Why  should  mineral  oils  not  be  used  for  harden- 
ing baths? 

(10)  What  is  meant  by  drawing  the  temper? 

(11)  Describe  the  process  of  tempering  in  oil. 

(12)  What  is  the  purpose  of  pack  hardening? 

(13)  What  is  the  advantage  of  the  method  of  temper 

a  milling-machine  cutter  by  placing  a  heated  rod  through 
the  hole  in  the  cutter? 

(14)  Describe  one  method  of  hardening  and  tempering 
bits  for  wood  planes. 
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(15)  How   is    the    temper    for   circular    saws    fur    \ 
drawn  and  tested? 

(16)  To  what  color  should  the  temper  of  large  springs 
be  drawn? 

(17)  How  may  self-hardening  steel  be  annealed  so  that 
it  may  be  machined  for  making  reamers,  taps,  etc.? 

(18)  What  precautions  for  safety  should  be  taken  in  the 
arrangement  of  an  oil-tempering  furnace? 

(19)  Describe  one  method  of  maintaining  the  hardening 
bath  at  any  desired  temperature. 

(20)  What   instruments    are    used   for   measuring   high 
temperatures? 


TREATMENT  OF  LOW-CARBON 
STEEL 

EXAMINATION  QUESTIONS 

(1)  Between  what  limits  does  the  percentage  of  carbon 
usually  vary  in  low-carbon  steel? 

(2)  What  effects  have  phosphorus  and  sulphur  on  steel? 

(3)  What  effect  has  an  increase  of  carbon  on  the  strength 
of  steel? 

(4)  Describe,  briefly,  the  Bessemer  process  of  making 
steel. 

(5)  Describe,  briefly,  the  open-hearth  process  of  making 
steel. 

(6)  What  part  of  a  steel  ingot  usually  contains  most  of 
the  impurities? 

(7)  What  is  meant  by  the  term  piping,  as  applied  to  steel 
ingots? 

(8)  How  may  piping  be  prevented? 

(9)  Why  do  nickel-steel  forgings  cost  more  than  forgings 
made  of  ordinary  low-carbon  steel? 

(10)  What  is  the  object  of  oil-treating  steel  forgings? 

(11)  For  what  purpose  is  low-carbon  steel  case-hardened? 

(12)  How   are   small   pieces  of   steel  case-hardened  to 

resist  wear? 
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What  is  the  object  of  allowing  case-hardened  v 
to   cool  in   the   packing   boxes   and   then    reheating   it   for 
hardening? 

(14)     How  may  certain  parts  of  case-hardened  work  be 
left  soft? 

•  )     How   may   extra   hard    spots    be    made    on    <. 
hardened  work? 

(16)  How  may  the  temperature  and  condition  of  the  work 
in  the  case-hardening  box  be  determined  while  the  work  is 
being  heated? 

(17)  When    case-hardening    work    for    color,    why    ; 
necessary  to  char  the  bone   before    usiny:    it    for   packing 
the  work? 

(18)  If  it  is  desired  to  produce  temper  colors  on  case- 
hardened  work,  how  may  this  be  done? 

(19)  Describe  the  method  of  case-hardening  with  potash. 

(20)  Describe  one  method  of  bluing  steel. 


HAMMER  WORK 

EXAMINATION  QUESTIONS 

(1)  What  are  the  objections  to  trip  hammers  tint   have 
caused    them    to    be    largely    displaced    by    oil  >   of 
hammers  ? 

(2)  Why  should  the  anvil  of  a  power  hammer  U>  mounted 
on  a  separate  foundation? 

(3)  State  two  objections  to  steam  helve  hunin 

(4)  State  two  advantages  of  the  steam  forging  hanr 
compared  with  the  helve  hammer. 

(5)  Give  two  points  of  difference  between  the  steam  forging 
hammer  and  the  steam  drop  hammer. 

(6)  Why  are  the  dies  of  steam  hamin.  ally  set  at 
an  angle  of  45°  to  the  face  of  the  frame ': 

(7)  Describe  two  types  of  steam-hammer  guides. 

(8)  Why  is  a  heavier  hammer  required  for-  prgings 
than  for  wrought-iron  forgings  of  the  same  Hi 

(9)  What  is  the  effect  of  using  a  hammer  that  is  too  light 
for  the  work? 

(10)  Why  is  an  elastic    foundation    sometimes  used  U 
the  anvil  of  a  steam  hammer  for  forging 

(11)  What  is  a  porter  bar? 

(12)  For  what  purpose  are  stocks  used? 

(13)  Why  are  large  wrought-iron  forgings  made  by  weld 
up  scrap? 
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(14)  Why  should  steel  scrap  not  be  used  in  wrought-iron 
forging? 

(15)  How  is  the  forging  for  a  large  shaft  started  when 
no  porter  bar  is  used? 

(16)  How  much  larger  in  diameter  should  an  ingot  be 
than  the  finished  steel  forging > 

(17)  Why  is  the  weld  in  a  structural  shape,  such  as  an 
angle  or  channel,  not  as  strong  as  the  rest  of  the  piece? 

(18)  Why  is  a  forging  press  better  than  a  steam  hammer 
for  forging  steel? 

(19)  What  are  the  advantages  of  forging  medium-sized 
crank-shafts  in  pairs? 

(20)  How  is  a  hollow  shaft  forged? 


MACHINE  FORGING 


EXAMINATION    QUESTIONS 

(1)  What  is  meant  by  machine  forging? 

(2)  Explain  the  steps  in  rolling  round  bars  from  blooms. 

(3)  What  is  meant  by  graded  rolling? 

(4)  What  is  the  advantage  of  having  the  work  move 
toward  the  operator  when  rolling  between  dies? 

(5)  Describe  the  process  of  rolling  threads  on  screws. 

(6)  Describe  the  process  of  bending  a  plate  of  metal  into 
cylindrical  shape. 

(7)  For  what  class  of  forcings  is  the  board  drop  hammer 
especially  useful? 

(8)  What  is  the  advantage  of  the  steam  drop  hammer 
over  both  the  board  and  the  crank  drop  hammers? 

(9)  For   what  class  of  work  is  the  steam   drop   press 
especially  suitable? 

(10)  When  may  drop-hammer  dies  be  made  of  cast  iron, 
and  when  should  they  be  made  of  steel? 

(11)  Describe  two  ways  in  which  drop-hammer  dies  are 
held  in  place. 

(12)  What  is  meant  by  the  term  flash? 

(13)  What   advantage   has  a  solid   foundation  over  an 
elastic  foundation  for  a  drop  hammer? 

(14)  What  is  the  object  of  setting  one  of  the  blades  of  a 
pair  of  shears  at  an  angle  to  the  other? 
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(15)  What  is  the  a-' 

(16)  Why  is  the  bed  of  a  press  sometimes  set  on  an  ai 

a  build, 
B)     What  arc  second-motion  dies? 


SPECIAL  FORGING  OPERATIONS 


EXAMINATION   QUESTIONS 

(1)  Why  are  oil  and  gas  furnaces  preferred  to  coal  and 
coke  furnaces? 

(2)  What  is  the  special  advantage  of  the  trolley 
system  as  a  handling  device? 

(3)  What  advantage  has  a  traveling  crane  over  all  other 
hoist  systems? 

(4)  Where  the  rivet  holes  in  two  plates  that  have  been 
put  together  do  not  correspond  exactly,  what  two  methods 
may  be  .used  to  bring  the  holes  into  line? 

(5)  Describe  one  method  of  bending  angle  irons. 

(6)  Is  a  flux  necessary  in  welding  structural  shapes,  such 
as  angles? 

(7)  When  any  structural  shape  has  been  welded,  how 
should  it  be  treated  to  restore  the  fine  texture  of  the  metal 
and  insure  the  greatest  strength  in  the  piece? 

(8)  Why  is  the  interior  of  an  electric  weld  usually  better 
than  the  interior  of  a  fire-made  weld? 

(9)  What  effect  has  repeated  heating  on  cast  iron? 

(10)  What  effect  has  repeated  heating  on  wrought  Iron 

or  low-carbon  steel? 

(11)  What  is  thermit? 

(12)  Describe  the  process  of  welding  two  pieces  of  steel 
together  by  means  of  thermit. 

(13)  What  is  meant  by  the  term  soldering? 
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(14)  Describe  the  process  of  sweating. 

(15)  How  is  soldering  fluid  made? 

(16)  In  soldering  aluminum,  how  is  the  oxide  removed 
from  the  surface  of  the  metal? 

(17)  What  is  meant  by  the  term  brazing? 

(18)  How  is  the  surface  of  cast  iron  treated  so  as  to  make 
it  possible  to  braze  it? 

(19)  How  is  brass  or  copper  tubing  annealed? 

(20)  What  precaution  is  taken  to  prevent  brass  and  copper 
tubing  from  flattening  while  being  bent? 
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NOTE. — All  items  in  this  index  refer  first  to  the  section 
the  page  of  the  section.  Thus,  "Anvil.  §56,  p!7."  means  that 
of  section  56. 


Acid  Bessemer  process,  §60,  p2. 
Advantages  of  electric  welding,  563,  p24. 
Air  chamber.  §56,  p2. 

furnace  construction  of,  §51,  p20. 

furnace    mixture    for    malleable    castings, 
§51.pl2. 

furnace    process    for    malleable    castings, 
§51,  p!9. 

hardening,  §58.  p6. 

hardening  steel,  §58,  p29. 

hoist,  §49.  p23. 

hoist,  Screw-governed,  §49,  p24. 

tempering,  §58.  p20. 

tempering  furnace,  §59,  p38. 
Ajax-metal,  §54,  p35. 
Alloying  copper  with  zinc,  §54,  p30. 
Alloys  and  mixtures,  §54,  p25. 

Bismuth  in,  §54,  p32. 

Copper  and  zinc,  §54,  p28. 

Lead  and  copper,  §54,  p30. 

Manganese  in,  §54,  p31. 

Tin  and  copper,  §54,  p25. 

Use  of  aluminum  in,  §54,  p24. 

Use  of  phosphorus  in,  §54,  p23. 

Use  of  silicon  in,  §54,  p22. 
Alloy  steel,  Strength  of,  §58,  p30. 

steels,  §58,  pi. 

steels,  Method  of  annealing,  §58,  p29. 
Altar,  §57.  p4. 
Aluminum,  Method  of  soldering.  §63,  p35. 

Use  of,  in  alloys,  §54,  p24. 
American  antifriction  metal,  §54,  p35. 
Amperes,  §63,  p22. 
Analysis  of  gas,  §52,  p23. 
Angle,  Method  of  making,  §57,  p21. 
Angles,  Method  of  bending,  §63,  p!7. 

Method  of  welding,  §63.  p20 
Annealed  castings,  Disposition  of,  §53,  p24. 

scrap,  §51,  pll. 

test  pieces,  §53,  p30. 


Annealing  a  cold  chisel.  |58.  pll. 
brass  and  copper  pipe.  §63.  p45. 
by  packing,  59.  p4. 
carbon  steel,  §59.  p4. 
Changes  produced  during.  §53.  pi. 
Definition  of,  (58.  p5. 
equipment,  Special,  §53.  p31. 
Extent  to  which  is  carried.  §53.  p3. 
furnaces.  J60.  pll. 
high-speed  steels.  §58.  p29. 
high-speed  tool  steels.  §59,  p30. 
low-carbon  steel,  |60.  p9. 
Object  of.  §60.  p9. 

oil  tempering,  and  case  hardening,  §60.  pO. 
oven  chimney,  §53,  p!9. 
oven,  Coal-burning  equipment  for.  f&3.  p!2. 
oven.    Coal-dust-burning    equipment    (or. 

§53.  pl6. 

oven.  Gas- burning  equipment  for.  §.' 
oven,  Oil-burning  equipment  for.  |53.pl&. 
oven.  Producer-gas-burning  equipment  (or. 

§53,  P17. 

oven,  Special,  §53.  p31. 
ovens,  §53.  p8. 
ovens,  Charging.  §53.  p!9. 
ovens,  Discharging,  §53.  p23. 
ovens.  Doors  for.  §53.  plO. 
ovens,  Firing,  §53.  p20. 
ovens.  Heating.  §53.  p!2. 
ovens.  Use  of  traveling  cranes  for  charging 

§53.  p33. 

Packing  materials  for.  §59.  p4. 
Packing  materials  used  during,  §53.  p4 
pots,  §53,  p6. 
pots.  Covering.  §53.  p7. 
pots.  Life  of.  §53.  p8. 
pots.  Packing,  §53.  p6. 
pots.  Shaking  out.  §53.  p23. 
pots,  Stool  for.  §53.  pO. 
process  for  malleable  casting*.  |68.  pi 
process.  Special,  §53.  p35. 
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st~l  forging,.  |60.  pll. 

steel  for  springs.  |59,  p26. 

Water.  |59.  p5. 
Anthracite  culm.  |56.  p!3. 
Antifriction  metal.  §54.  p35. 
Antimonial  lead.  |64.  p3o. 
Antimony,  Characteristics  of.  |54.  i>33. 

Construction  of  face  of.  for  drawing,  §66. 

p!8. 

Hardie  hole  in,  |66,  p!8. 
Method  of  mounting,  for  power  hammers. 

§61,  p4. 

Position  of  work  on.  |57,  p6. 
Pritchel  hole  in.  §56.  p!8. 
setting.  |56,  p!8. 
tools.  |56,  P25. 
vise.  |56.  p30. 

,:ht  of.  §56.  p!8. 

Apparatus  used  in  electric  welding.  §63.  p23. 
Asbestos  paper,  Use  of.  under  vise  jaws,  §56, 

p31. 
Axles.  Method  of  making.  {61,  p28. 

B 

Babbitt  metal.  Jr. ! 

metal,  Objections  t<>.  in  forge  fires,  §56.  p!5. 
Ball-peen  hammers,  §56,  pp!9.  20. 
Band  ring.  Method  of  making  §67.  p35. 

saws  for  metal.  §50.  pi 

saws,  Method  of  brazing.  §63,  p43. 

aaws.  Solder  for,  §63.  p44. 
Bar  in>n.  Weitfht  of.  per  foot.  §63.  p51. 
Barrels.  Exhaust  tumbling.  §52,  p31. 
, -ic  tumbling.  §5(1. 

Sand-blast  tumbling.  §50.  j>43. 

Tumbling.  §50.  !•:. 
Bars.  Cross,  for  flasks.  §50.  p9. 

Method  of  rolling.  §61' 
Bade  Bessemer  process.  §60.  p3. 
Bath  for  bluing  steel.  §60.  p36. 

for  cooling  crankpins  and  wrist  pins.  §60. 

P34. 
Baths.  Arrangement  of  air  pipes  in.  §59,  p43. 

Arrangement  of.  for  constant  temperature. 
|M.p42. 

Brine.  §59.  p42. 

for  case-hardening  work,  §60.  p27. 

for  hardening.  §59.  p42. 

hardening  circular  saws.  §59,  p23. 

Oil.  |59,  p43. 

Beam  power  hammers.  §f> ) 
Bearing  metal,  Graphite,  §64.  p35. 

metals.  §54.  pp35.  37. 
Bellow,.  §56.  p5. 

Care  of.  §56.  p6. 


n,  §50.  p37. 
forge.  §59,  p32. 
Vise.  §56.  p30. 
Benches.  Core.  §50,  p!6. 
Bending.  §57,  p9. 
angles,  §63,  P17. 
brass  and  copper  pipe.  §63,  p45. 

.  p5. 

floors,  §63,  p20. 
large  tubing.  §63,  p46. 
plat. 

small  tubing.  §6.'i. 

tural  shape- 

Bends  in  blast  pipes,  §56.  ,.1  1. 
Bessemer  process,  §60.  p2. 
steel  for  tools,  §59   p29. 
§56,  p35. 
n,  §56.  p35. 
Bismuth.  Characteristics  of.  §54,  p32. 

in  a 

Bituminous  coal,  §5<> 
Black  heart.  §. 
Slackenings  for  brass  molds.  §54.  p2. 

Blacksmith  ing  tools.  §56.  pi  7. 
Blast  for  culm  or  sif  tings,  §56.  • 
furn.i 


Machines  for  furnishin. 

Obj<  ess  of,  §56. 

pipes.  §56.  j.ll 

Positive,  §56.  p8. 

pressure.  Los*  of  in  pipes.  |6f> 

Press  furnace,  §63, 

P7. 

Blazing  off.  §58.  p25. 
Blister  steel.  §58. 
Block,  Bumping,  §57,  p!4. 

tin.  §54,  ; 

Blocks,  Swage,  §56.  p27. 
Bloom,  §57,  p4;  §f»: 
Blower,  §56,  p5. 

for  brazing.  §63.  p38. 

Positive  rotary.  §56.  p8. 
Blower 

port;* 

Oper.. 

Uluitu:  polisher!  steel.  §00.  p36. 

with  a  molten  bath.  §60.  n36. 

Boards,  Mnt<  -h.  |4S 

Mold  and  bottom.  §50 
Bod  stick.  §51.p26. 
Boiler  tubes,  Method  of  welding.  §57.  p53. 
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Use  of,  on  reverberatory  furnace,  §63,  p7. 
Bolt,  §63.  p30. 

header,  §57,  p!8. 

head.  Hexagonal,  §57,  p20. 

head,  Method  of  making,  §57,  p46 

Method  of  making,  §57,  p!6. 

Square-headed,  §57,  pi 6. 

T-headed,  for  planer,  §57,  p!8. 

tongs,  §56,  p27. 
Bolts,  Steel  stock  for,  §57,  p21. 

Stock  for,  §57,  P20. 

Wrought-iron  stock  for,  §57,  p20. 
Bone,  Use  of,  for  case-hardening,  §60,  p!6. 

Use  of  old,  §60.  P23. 
Boot,  Elevator,  §49.  p41. 
Borax,  §58,  p26;  §63,  p32. 

Calcined,  §57,  p29. 

for  brazing,  §63,  p39. 

glass.  §57.  p29. 

Boring  tool,  Method  of  forging,  §58,  p20. 
Bosh,  Water,  §51,  p29. 
Bottom  boards,  §50,  p!4. 

Fuller,  §56.  p25. 

Swage,  §56,  pp23,  25. 
Bottoms  of  furnaces   §52,  p6. 
Boxes,  Case-hardening,  §60,  p26. 

for  bearings,  §63,  p37. 
Brass,  §54.  p28. 

Appliances  for  melting,  §54,  p7. 

borings  and  turnings,  Using,  §54,  p38. 

castings,  Cleaning,  §54,  p6. 

castings,  Making  molds  for,  §54,  p4. 

castings,  Molds  for,  §54.  pi. 

castings,  Pickling,  §54,  p7. 

castings,  Provision  for  contraction  in,  §54, 
p4. 

castings,  Scrap  metal  for,  §54,  p37. 

castings,  Tumbling  barrels  for,  §54,  p7. 

Crucibles  for  melting,  §54,  p!5. 

furnace,  Location  of,  §54,  p8. 

furnace,  Oil-burning,  §54,  p!4. 

furnace,  Operating  the,  §54,  p!7. 

furnace,  Simple,  §54,  p8. 

furnaces  in  a  battery,  §54,  p9. 

Increasing  the  speed  of  melting.  §54,  p!2. 

Melting  of  old.  §54.  p!7. 

molding,  Materials  used  in,  §54,  p2. 

molding,  Sand  for,  §54,  p2. 

molds,  Slackenings  and  partings  for,  §54,  p2. 

molds,  Drying,  §54,  p4. 

molds,  Gating  and  feeding,  §54,  p5. 

molds.  Lycopode  for,  §54,  p3. 

molds,  Mixing  facings  for,  §54,  p4. 

molds,  Venting,  §54,  p4. 

Oxidation  of,  in  melting,  §54,  p20. 

pipe,  Method  of  annealing   §63,  p45. 
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Precaution*  in  melon*.  1*4.  p2l 

•crap.  Grmding.  |M.  p37. 

•  rin«  two  therU  of.  §63.  p34. 

tubinK.  Precaution*  to  bratfe*.  |61.  p|& 
Brazing.  §63.  pp30. 37. 

band  saw..  |63.  p43. 

cart  iron,  |63.  p44. 

Precaution.  nece«ary  in.  §63.  p40. 

tempered-stM)  article..  |63.  • 

the  joint  of  a  pair  of  twwmm.  §63.  p42 

Three  neceMary  requirement*.  §63.  i*u 

Tools  and  supptie*  for.  |63,  pSft. 
Breaking  down,  {01.  p9. 

steel,  §58.  p36. 
Breast  of  a  furnace.  I'll. 
Breeching  for  carrying  gas  from 
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Cape  chisel.  §56.  p35. 

chisel.  Method  of  making.  §5s 
Carbon  bronze.  §54.  p36. 

Combined.  §51.  j 
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hardening.  §60.  pi 5. 
hardening  boxes.  §60.  p26. 
hardening  centers.  §60.  p!9. 
hardening.  Cooling  baths  for.  §60.  p27. 
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Cold,  §56,  p35. 
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for  nicking  cold  work,  §61,  p23. 

Stone,  §58,  p20. 
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furnace,  Construction  of,  §51,  p20. 

furnace,  Firing  the,  §51,  p30. 

furnace  mixture  for  malleable  casting,  §51. 
P12. 
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Compariaon  of  board  and  crank  drop  ham- 
mers. §62.  pi 5. 

of  drop-hammer  foundations,  §62.  p25. 
Conditions  governing  welding.  §.'> . 
Cone.  §56.  p28. 

Connecting-rod.  Method  of  forging.  §61.  ptt. 
Construction  of  molds  for  thermit  **1<U.  §63 
p28. 

of  the  anvil.  §5f. 
Contraction  of  malleable  iron.  §.' 

Provision  for.  in  brass  molds.  |54.  p4. 
Control  of  steam  hammers.  §61.  pU. 
Converter.  §60,  p2. 
Conveyer  for  mold.  §49.  p4l. 

Rubber-belt.  §40 
Conveyers.  Belt.  §50.  p37. 

Reciprocating.  §49.  p30. 

Sand, §49. 

Cooling  baths  for  case  hardening  work.  160. 
P27. 

baths  for  taps  and  reamers.  §59.  p!2. 

baths.  Water.  §59.  p42. 

case-hardened  work.  §60.  p32 

work  to  obtain  colors.  §60.  p25. 
Copper.  Alloying  of.  with  tine.  §64.  n30. 

Analysis  of.  §54.  p22. 

and  lead  alloys.  §54.  p30. 

and  tin  alloys.  §54.  p26. 

and  zinc  alloys.  §54.  p28. 

bit.  §63.  p30. 

bit.  Effect  of  overheating.  §63.  p34. 

bit.  Heating.  §63.  p31. 

bit.  Proper  temperature  of.  §4)3.  pS4. 

bit.  TinninK.  §63.  p33. 

Buying.  §f>  1 

Deoxidizing.  §54.  p22. 

f.  §63.  p26. 
Method  of  annealing.  |6»,  p46. 

Use  of.  for  vis*  jaws.  §56.  p3l. 
Core  trenches.  §50.  p!6. 
!•«.  §50.  plfl. 

machines.  §50.  ptt. 
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Hot.  §56.  p24. 
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Cyanide  hardening  furnace.  §60.  p!7. 

hardening  to  mist  wear.  §60.  p!7. 
Cylindrical  work.  Method  of  hardening.  §59. 
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Diamond-pointed  lathe  tool.  Hardening  and 

tempering.  §58.  p!7. 
Die  temper,  §58.  p5. 
Dies,  §59.  p24. 

Cast-iron.  §61,  p26. 

Fastenings  for  drop-hammer,  §62,  p!9. 
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Hydraulic.  §49,  p48. 
Elevators,  §49,  p45. 

for  sand,  §49,  p40. 
Emery  grinder,  Flexible  shaft,  §50,  p29. 
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Fans.  §49,  p!4. 
Feeding  brass  molds,  §54,  p5. 
Ferrosilicon,  §51.  p!2. 
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XVI 


IND 


crank-shafts.  |61.  p31. 

Definition  of,  |57.  p5. 
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Form  of  drop-hammer  dies.  §61! . 
Forming  and  cutting  tools,  f  56,  p22. 

Definition  of.  §57,  p6. 
Forms  of  fire.  §56.  p!6. 
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Light  for.  {  l 

Location  of.  |49.  p2. 

Specialty.  |49.  p2. 
Foundry  branches.  §49.  P2. 

buildings.  |49.  p3. 

conditions.  General.  f49.  pi. 

Stock  yard  f or.  §; 
Pud  for  annealing  ovens,  §53.  pi 2. 

for  hardening  furnaces.  §59.  p32. 


Puel-( 

.irth  furnaces,  |52,  p!7. 
Natural  gas  as,  §'.' 
ratio  fur  coal  or  air  furnace.  |51 ,  • 
ratio  in  malleable  cupola  practice.  |51.  p!8. 

for  reverberatory  furnace.  §63.  p3. 
Puller.  { 

Bottom.  |Sr> 
Purn:!  -<-ring.  §59.  p38. 

Altar  for.  §. 

Arm:  tapping  spouts  for.   |52. 

p!4. 

Blast.  157 

bottom.  §.r)l 

bottom.  T.  "-.  p7. 

bottoms.  |52,  p6. 

bottoms,  Cleaning  and  repairing.  |52.  p8. 

breast.  §51. 

Bridge  wall  for.  |57.  p4. 

Case-hardcninR,  for  round  work.  §60,  p32. 

Chafe 

Charging  an  open-hearth,  |52,  pll. 

Chaining  the  coal.  (51.  p26. 

Checkerwork  for,  §.52.  pi. 

chimney.  §52.  pll. 

!ar  annealing  and  hardening,  §59.  p33. 

Coke.  |63 

Combined  cupola  and  cnu-iMe.  §54.  p!2. 

Construction  of  coal  or  air.  §51   p20. 

Conveyer.  |63.  plO. 
.  §51.  p24. 

crown.  KcpairinK  of.  §52.  pll. 

Crucible.  f  5 

Cyanide-hardening,  |6O. 

Double-decked  reverberatory,  §63.  p8. 
i«se  hardening  with  potash.  §60,  p29. 

for  hardening  and  tempering  circular  saws, 
159. 

•  tintf  millinR  cutters.  §.V- 

for  heating  taps  and  reamers.  §59.  • 

for  tempering  plane  irons,  |5*' 

•Jiperinx  twist  drills.  §59.  p!6. 

|,  §59,  p32. 
Gas.  f59.  p3. 

Gas-fired  case-hardening,  §60.  p35. 
Hardening.  §59.  p40. 
Lea  1-39. 

Location  of  brass.  §54.  p8. 
Natural  gas  as  fuel  for  open-hearth,  §52 

Oil  as  fuel  f..r  open  hearth.  §52.  plft. 

.rning  brass.  |54.  p!4. 
Oil-heated  annealing,  §f>< 
Oil-temnering.  |5" 
Open-hearth.  §57   p3;  §60,  p4. 
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Furnace — (Continued) 

Operating  the  trass,  §54,  p!7. 

Oven-annealing,  §59,  p34. 

Peel  for  charging,  §52,  p!2. 

Producer  gas  as  fuel  for,  §52,  p20. 

Regenerative  chambers  for  melting,  §52,  pi 

Regenerative  open-hearth,  §60,  p5. 

Reheating,  §53,  p34. 

Repairing  of  regenerative,  §52,  p9. 

Reverberatory,  §63,  p2. 

Sand  temper-drawing,  §59,  p37. 

Simple  brass,  §54,  p8. 

Straight-draft,  §51,  p21. 

Tilting  open-hearth,  §52,  p!6. 

Tumbling-barrel.  §59,  p35. 
Furnaces,  Advantages  of  gas-fired,  §63,  pi. 

Advantages  of  oil-fired,  §63,  pi. 

Annealing,  §60,  pll. 

for  hardening  and  tempering,  §59,  p32. 

Fuel  for  open-hearth,  §52,  p!7. 

Gas-fired,  §63,  p31. 

Heating,  §63,  pi. 

in  a  battery,  Brass,  §54,  p9. 

G 

Gad  tongs,  §56,  p27. 
Galvanizing  annealed  castings,  §53,  p36. 
Gas,  Amount  of,  made  from  one  ton  of  coal, 
§52,  p24. 

Analysis  of,  §52,  p23. 

burning  equipment  for  annealing  oven,  §53, 
p!4. 

Composition  of  producer,  §52,  p20. 

fired  case-hardening  furnace.  §60,  p35. 

flues,  Cleaning,  §52,  p25. 

flues  or  breechings,  §52,  p24. 

furnace,  §59,  pp3,  10. 

Furnace  for  burning,  §52,  pi. 

in  blast  pipes,  §56,  pll. 

Mixer  for  burning,  §53,  p!5. 

Natural,  as  furnace  fuel,  §52,  p!7. 

or  oil,  Advantages  of,  for  fuels,  §59,  p3. 

producer  and  its  connection,  §52,  p21. 

Producer,  as  furnace  fuel,  §52,  p20. 

Use  of,  in  muffle,  §59,  p3. 

valves  for  regenerative  furnace,  §52,  p3. 
Gasoline-fired  furnaces,  §63,  p31. 
Gate  hook,  Method  of  forging,  §57,  pll. 

saw,  §50,  P32. 

Gating  brass  molds,  §54,  p5. 
Gauge,  Surface,  §56,  p29. 
Gaulds,  §57,  P26. 
Gear-molding  machine,  §48,  p25. 
Glut,  §57,  P51. 
Graded  rolling,  §62,  p5. 
Grain  tin,  §54,  p26. 
Graney  bronze,  §54,  p35. 


Graphite  bearing  metal.  §M.  p3S 
Graphitic  carbon.  §.', 

Green-sand  com.  Machine  for.  fflO.  pJ4 
Grinder.  Plexible-ahaft  emery.  MO.  pM 


Grinding  high-speed 

stand.  Stationary.  MO.  p30. 
Guided  power  hammers.  |6I.  p5. 
Guides,  Hammer.  |6I.  plO. 
Gun  metal.  §54.  p26 

parts.  Method  of 


.  MO.  pit 


Hack  saws.  |56.  pp86.  3S. 

saw  blades.  §56.  p30. 
Hacks  or  cutters.  §61.  p22. 
Half-and-half.  |63.  o30. 
Hammer.  Ball-peen.  §56.  pit). 

Board  drop.  |82.  p!2. 

Chipping.  |M.  p20. 

Crank-drop.  §62.  p!3. 

Crank-lift.  §62.  p!5. 

Cross- peen.  §56,  plO. 

Effect  of.  on  work  if  too  light.  §61.  plO. 

Finishing  work  under  a  power.  §61.  p0. 

Flogging.  §66,  p20. 

Foot-operated,  §61.  p2. 

foundations,  §61,  piO. 

frames.  Types  of.  §61.  pi 5. 

guides,  §61.  p!6. 

Hand.  §56.  P19. 

Handle  for.  §56.  p!9. 

handles.  §56.  p21. 

Long-peen,  |56.  p!9. 

Method  of  forging.  §58.  p!4. 

Method  of  hardening  and  tempering.  M8 
p!5. 

Pneumatic  chipping.  §50.  p28. 

Proper  weight  of.  §61.  plS. 

Rope-lift,  §62.  p!5. 

Steam  drop.  §61.  p!4;  |«2.  p!7. 

Steam  forging.  §61.  pll. 

Straight-peen.  §56.  pl». 

Strap-lift.  §62.  p!5. 

tools.  §61,  p21. 

Upright  helve.  §61.08. 

work.  §61.  pi. 

work.  Example*  of,  Ml.  p27. 
Hammers  and  sledges.  M6.  p!9. 

Beam  power.  §61.  pi. 

Capacity  of  cuahiomd  upright  h«lv»  and 
strap.  §61.  p6. 

Capacity  of  nibbtr-carihtoMd  hrfv..  Ml. 
06. 

CUssificatiotiof.l61.pl. 

Comparison  of  board  and  crank-drop.  MS. 
p!5. 
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Hammers— {Continued) 

Control  of  steam.  §61.  p!4. 

Double-frame,  §61.  pi 5. 

Drop.  §61 
• 

Helve.  §61 

Material  foi.  §56 

Power.  (61.  pi. 

Rubber-cushioned  helve.  §61.  p3. 

Set.  §56.  p22. 

Single-frame.  §61.  p!5. 

Steam  helve.  §61 
•p.  §61,  p6. 

Trip.  §61. 
Hand  hammers.  §.*>«• 

puddling.  Disadvantage  of.  §57.  po. 

riveting.  §63.  p!6. 

•ledge.  §56 

•ledge.  Method  of  using.  §56.  p20. 

•ledges.  §56.  p!9. 

tools.  §56.  p!9. 
Handles.  Fitting  of.  §56. 

for  hammer.  §56.  p21. 

for  hand  hammers,  §56,  p!9. 
Handling    device.  Relative    advantages    of. 
Pl5. 

devices.  §63.  p!2. 
Hanger.  Open-eye.  §57.  plO. 
Hard  castings,  Cleaning.  §52.  p29 

castings.  Tumbling,  §52,  p29. 

coal  sifting.  §56.  p!3. 

lead.  §54.  p35. 

•crap.  §51.pll. 

•older.  §63,  p30. 

•pots  in  case  hardening.  §60. 
Hardening  a  cold  chisel,  §58,  pll . 

and  tempering,  §59.  pi. 

and  tempering  a  cold  chisel  in  one  heat. 
158,  pi 2. 

and  tempering  a  hammer,  §5H 

and  tempering  a  spring.  §58.  : 

and  trmi-  -  saws.  §59.  p22. 

and  tempering  dies,  §59,  p24. 

and  tempering.  Example*  of.  §59,  p9. 

baths.  §50 

Cyanide  method  of.  §60.  p!7. 

Definition  of.  §58.  p5. 

drills.  |69.  P15. 

furnace.  §59,  p40. 

high-speed  steel.  §59.  p30. 

large  spring,.  §59.  p26. 

Metallic  baths  for.  §59,  P7. 

milling  cutters.  §59.  p!8. 

Oil  bath  for,  §59.  p6. 

plane  irons.  §59.  p20. 

Salt  solutions  fur   §59.  p6. 


Hardening— (Continued) 

•mall  springs.  §59.  p26. 

•mall  work.  §60.  p20. 

solutions.  §59.  p6. 

•pecimen  piece.  §5».  p7. 

Spraying  device  for.  §59.  p!4. 

Temperatures  for,  §58.  p6. 

tools  with  potassium  cyanide.  §60.  pi 8. 

Water  for.  §59,  06. 
Hardic.  Cold.  §56.  p25. 

hole.  §56.  p!8. 

hole.  Use  of.  in  bending  iron.  §57.  p9. 

§56.  p25. 

Harrington  bronze.  §54,  p35. 
Heading  tool.  §56.  • 

Hearth,   Construction   of,   for  reverberatory 
furnace.  §63,  p7. 

for  forge.  |.v 
Heat.  Amount  of.  in  forge  fire.  §56,  p!4. 

for  foundries.  §49.  p4. 

treatment  of  high-speed  tool  steels.   §59, 
p29. 

••s.  §56,  pi. 

furnace  for  high-speed  tool  steel.  §58.  p32. 

furnaces.  §M.  pi. 

in  charcoal.  §59,  p4. 

in  lead,  §59,  j>4. 

large  work  for  brazing,  §63.  p38. 

milling  cutters.  §59.  pi 7. 

ot  annealing  ovens,  §53.  pi 2. 

of  drills.  §;," 

of  taps  and  reamers,  §59.  p9. 

the  cf  , 
Helmet  for  sand-blast  operator.  §50.  p43. 

iimmers.  §61.  pi. 
Hematite  ore  for  packing  malleable  castings 

§53,  p4. 
High-carbon  steel.  §58.  pi. 

•peed  steel.  Am  ;>30. 

•peed  steel.  Hardening,  §59.  p30. 

•peed  steel 

•peed  tool  ••  ''.  §59.  p29. 

•.•crature  measurements,  §59,  p44. 
Hoist.  A 

.  {''>.'{.  j'H. 

1.  §63.  p!4. 

ScPBW-Roverned  air,  §49,  p24. 
Hoists.  Chain.  §49. 

.  fire,  §56.  p!6. 

mill.  Hardening.  §59.  p20. 
Hood  for  forge.  §5< 
Hoods  and  chimneys,  §56,  p9. 

p24. 
ting  a,  §57.  p!4. 
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Hoops,  Electric  welding  of,  563,  p23. 
Horizontal  forging  machine,  J62.  p34. 

presses,  §62.  p31. 
Hot  cutter,  556,  p24. 

bardie,  §56.  p25. 

Short,  556.  p!3;  560.pl. 
Hydraulic  elevator,  649.  p48. 

forging  press,  561,  p31. 
Hydrochloric  acid.  563,  p32. 
Hydrofluoric-acid  pickling  solution,  |50,  p41. 
Hydrogen.  552.  p21. 


Inclined  presses,  562,  p30. 
Indicators  or  telltales,  560.  p24. 
Ingots,  Irregularities  in.  560,  p6. 
Inside  calipers,  556,  p31. 

Iron,  Amount  of  silicon  in  charcoal.  551.  p9. 
Cast.  557.  pi. 

Chemical  composition  of  malleable,  551,  p4. 
Chemically  pure,  557,  pi. 
Contraction  of  malleable,  551,  p3. 
Ductility  of  malleable,  551,  p2. 
flasks,  650,  p2. 
flask,  Small.  550,  pll. 
forge,  556,  p5. 
forging,  557,  pi. 

for  malleable  castings,  Pouring  of,  552.  p28. 
for  malleable  cast-ngs,  Tapping  of,  552,  p27. 
Gray.  §51,  pi. 
Malleable.  551.  pi. 
Manufacture  of,  557,  pi. 
Method  of  tinning,  863,  p35. 
mixtures  for  malleable  castings.  551.  p!2. 
Open-hearth  melting  process  for  malleable 

552,  pi. 
ore   557,  pi. 
Oxidation  of.  557.  p27. 
Oxide  of,  556.  p!4. 
Pig.  557.  p2. 

Resilience  of  malleable,  651,  p2. 
Shrinkage  of  malleable,  551,  p3. 
Weight  of  sheet  and  plate,  563.  p52. 
Weight  of   square  and  round-rolled,   559. 

p24. 

Weight  per  foot  of  bar.  663,  p51. 
White,  551,  pl. 
Irons  used  in  making  malleable  castings,  §51, 

p9. 
Irregularities  occurring  in  ingots,  560,  p6. 

J 

Jaws  for  tongs,  556,  p26. 

Vise.  556.  p31. 

Jib  crane.  549,  p20;  563.  p!4. 
Joint,  Making  a  soldered,  563,  p34. 
Joints.  Types  of  brazed,  563,  p41. 


Jump  welding,  §57, 
welds.  |57,  p2V. 


Knob.  Method  of  bearing.  |M.  p42. 

Knuckle  joint  ftrmp.  |67.  p43. 


Ladle  shank.  654.  p20. 

Ladles  for  malleable  iron.  652.  oM 

Handling,  by  trolley  system.  §40.  p2S. 
Lap  brazing.  663.  p43. 
welding.  5.r> 7 
welds.  657.  p29. 
welds,  Examples  of.  657.  p45. 
Lapped  joint.  663.  p41. 
Large  flat  work.  659.  p20. 

or  heavy  work.  Method  of  raw  hardening 

660.  P21. 

springs.  Method  of  hardening.  658.  pSS. 
Lathe  and  planer  tool  models.  |58.  pM. 
tool.  Hardening  and  tempering.  658.  pl7. 
tool.  Method  of  forging,  |58.  p!5. 
Lead  and  copper  alloys.  654.  p30. 
Antimonial.  654.  p35. 
bath  for  twist  drills.  6*9.  p!5. 
Characteristics  of,  654.  p30. 
Hard.  654.  p35. 

Objections  to.  in  forge  fires.  656.  pi*- 
pot  furnace.  659.  p39. 
Use  of.  for  bath.  559.  p4. 
Lean  ores.  657,  pl. 

Leather.  Use  of.  for  case  hardening.  |«0.  pi*. 
I,e  Chatelier  pyrometer.  6 
Leg  vise,  556,  p30. 
Length  of  stock  for  a  ring.  657.  p37. 
Lever  shears.  662.  p27. 
Lifting  device  for  case-hardening  pot*.  |60, 

p33. 

hook.  560.  p!5. 
Linseed  oil.  659.  p!6. 
Loam    molding.   Comparison   of,    with 

sand.  550.  p3. 

Localized  case-hardening.  660.  P** 
Locomotive   frames.    Repair  of.   by   a 

thermit.  663.  p28. 
reverse  shaft,  657.  p47. 
valve  yoke.  657.  p50. 
Long-  or  straight-peen  hammer.  |56.  p21 

peen  hammers.  656,  p!9. 
Lots  of  pressure  in  blast  pipw.  §56.  pll 
Low-carbon  steels.  659.  pl. 
Lubrication  of  cold  cutter.  656.  | 
Lycopode  for  bras*  molding.  §54.  pB. 

If 

Machine.  Automatic  moldfa*.  M*.  ptt 
Capacity  of  a  molding.  H8.  pS. 
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Machme-<Continued) 

forging.  |P- 

for  rutting  gates  and  sprues.  |50.  p32. 

for  |50,  p27. 

for  heading  chisels.  §:» 

for  molding  curved  pipes.  548.  p29. 

for  molding  plow-shares.  |48.  p30. 

for  pressing  molds.  §48.  p4. 

for  straightening  core  rods,  f  50.  p26. 

for  tempering  sand.  |49.  p39. 

made  cores.  |50. 

Moldr  18,  p20. 

Molding,  without  .ite.  (48.  p!2. 

Pneumatic-  power  molding.  |4s 

puddling.  Advantages 

shop  cutting  tools.  |58.  p36. 

Stripping-plate  molding.  {48 
Machines  for  breaV  (49.  p48. 

for  drawing  patterns.  |48.  p9. 

for  making  con 

for  molding  gears  |48. 

for  sifting  sand.  §49.  p32. 

Gear-molding.  |48.  p25. 

Molding.  |48.  p3. 

Portable  molding.  §48.  pg. 
Magnetic  separators.  |49.  p36. 
Making  an  angle.  §57 

axles.  |61.  p28. 

band-ring.  |57.  p35. 

bolt.  |57,  p!6. 

bolt  head  by  welding  on  a  ring.  §57.  p45. 

boring  tool.  |58.  p20. 

cape  chisel.  |58.  • 

cast  iron.  §.V 

cold  chisel.  §58.  p8. 

corner  plate.  §57.  p33. 

diamond-pointed  lathe  tool.  §58,  p!5. 

flat  drills.  §58.  p28. 

flat  ring.  §57,  p39. 

flat  spring.  |58.  p24. 

hammer.  |58.  p!4. 

hexagonal  bolt  head,  §57.  p20. 

pair  of  tongs,  §57.  p41. 

ring  hook.  §57,  p37. 

small  chain.  §57.  p40. 

small  chain  hook.  §57.  P23. 

soldered  joint.  §R3.  p34. 

thermit  weld.  §63,  p26. 

T  plate.  |57. 

wrought  iron.  §57,  p3. 
Malleable  casting.  & 

casting.  Coal  or  air  furnace  process  for.  §51  . 


I,  Furnace  bottom  for.  §52,  p7. 

..-process  for   §51 
t.  Pill-heat 
castings.  Annealing  process  for.  §53,  pi. 


Malleable—  (Continued) 

castings.  Coal  and  air  furnace  mixtures  for. 

§51. 

castings.  C<  irl>on  in.  §53.  p2. 

castings.  Cupola  mixtures  fo: 
castings.  Cupola  process  for. 
castings.  Disposition  of  annealed.  §53.  p24. 
castings.  Examir...  p28. 

•Mg    departt:  • 

pM 

castings.  Finishing  soft.  §53.  p25. 

••matite  ore  for  parking.  §53,  p4. 

casting.  In>n  mixtures  for.  §.r>l.  ; 

•  •(1  in  making.  §51.  pO. 
•:s.   Mixture  for  annealing  pots  for. 
§51.pl6. 

^s,    Open-hearth    mixture    for.    §.11. 
P13. 

k's.  Packing,  in  annealing  pots,  §53, 
p6. 

•i«s.  Packing  materials  f 
castings.  Percentage  of  carbon  in  annealed. 
§5:< 

.  s.  Pouring  iron  for.  §52.  p28. 

i.:s.    Preparation   of   molds  for.    §52. 

Idle  scale  for  packing,  §53.  p4. 
:>ecial  anneal 

castings.  Special  annealing  process  for,  §53. 

p35. 
castings.  Storage  of.  §5:< 

.  .v.tuv,'    .  T.-ippir.n  InM  for,  J.r>L'.  pL'7. 

castings.  Test  plugs  f«i 

cupola  prn  pig. 

furnace.  Skimming  of,  §51.  • 

furnace  spout.  {.'  : 

Arrangemt-i  •  ,:  spouts  for, 

.u-r  for.  §51! 

p4. 

<turc  on,  §51 

$52.  p28. 

Molting  and  rrfmi: 

• 

n«a  charge 

•  rap.  j.'il.  pi  1 

I.  p3. 
rocess  for.  §52.  pi. 
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Mallfeable—  (Continued) 

iron,  Tapping,  into  large  ladles,  §52,  p5. 

iron,  Tensile  strength  of,  §51,  pi. 

iron  test  plug,  §51,  p28. 

iron,  Transverse  strength  of,  §51,  p2. 

mixtures,  Calculation  of,  §51,  p!3. 
Mandrel   Tapered.  §56,  p28. 

Tip  of,  §56,  p28. 
Manganese  bronze,  §54,  p35. 

Characteristics  of,  §54,  p31. 

in  alloys,  §54,.p31. 

in  malleable  iron,  §51,  p5. 
Manufacture  of  iron,  §57,  pi. 

of  low-carbon  steel,  §60,  p2. 
Marking  materials,  §56,  p33. 
Match  boards,  §48,  p23. 

boards  with  removable  part  patterns,  §48. 
P22. 

plates  with  movable  patterns,  §48,  p21. 
Material  used  for  hammers,  §56,  p21. 
Materials  used  for  drop-hammer  dies,  §62,  p!8. 
Measurements  of  high  temperatures,  §59,  p44. 
Measures,  §56,  p36. 

Measuring  wheel,  or  circular  rule,  §56,  p32. 
Mechanical  puddling,  §57,  p4. 
Melting  and  refining  malleable  iron,  §51,  p27. 

brass,  Appliances  for,  §54,  p7. 

brass,  Crucibles  for,  §54,  p!5. 

brass,  Increasing  the  speed  of,  §54,  p!2. 

brass,  Oxidation  in,  §54,  p20. 

brass,  Precautions  in,  §54,  p21. 

copper  and  old  brass,  §54,  p!7. 

processes  for  malleable  casting,  §51,  p!7. 

Rate  of,  in  regenerative  furnace,  §52,  p4. 

ratio  in  malleable  cupola  practice,  §51,  p!8. 
Merchant  steel,  §60,  pi. 
Mercury  bath.  §59,  p7. 
Metal,  Ajax,  §54,  p35. 

American  antifriction,  §54,  p35. 

Antifriction,  §54,  p35. 

Babbitt,  §54,  pp31,33. 

Camelia,  §54,  p35. 

Cold  saws  for,  §59.  p24. 

Delta,  §54,  p35. 

for  car  boxes,  §54,  p35. 

Graphite  bearing,  §54,  p35. 

Gun,  §54,  p26. 

Salgee  antifriction,  §54,  p35. 

White,  §54,  p35. 

Metallic  hardening  baths,  §59,  p7. 
Metals.  Bearing,  §54,  p37. 

Composition  of  bearing,  §54,  p35. 

Deoxidizing  of,  §54,  p22. 

Report  on  journal-bearing,  §54,  p38. 

Weights  of  various,  §63,  p53 
Method  of  hardening  and  tempering  dies.  §59, 
p24. 


Methods  of  heating  steal.  |fl»,  pi. 

npering.  |50.  p8. 
Mill.  Cinder.  §50.  p44. 
Milling  cutters.  §50.  p!7. 

cutters.  Hardening.  §50.  p!8. 

cutters.  Heating.  §59.  , 

cutters.  High-carbon  rteel.  §50.  p!7. 

cutters.  Low-carbon  steel.  |M 

cutters,   Removing   internal   mum.   §49. 
p20. 

cutters,  Tempering,  §59.  plO. 
Miscellaneous     operations    and     data.    §43. 

p!6. 

Mixer  for  burning  gas.  §53.  p!5. 
Mixers  for  sand.  §49.  p3fl. 
Models.  Lathe  and  planer  tool.  §58.  p36 
Mold  conveyer,  §49.  p41. 

pressing  machine.  §48.  p4. 
Molding  boards.  §50.  p!4. 

Example  of  multiple.  §48.  p24. 

machine,  Automatic.  §48,  p!7. 

machine.  Capacity  of  a.  §48.  p8. 

machine  for  curved  pipes.  §48.  p20. 

machine.  Pneumatic-power.  §48.  p!3. 

machine,  Stripping-plate.  §48.  plO. 

machine.  Vibrator  for,  §48.  p!4. 

machine  without  rammer.  §48.  p20. 

machine    without    stripping    plate.    §4*- 
p!2. 

machines.  §48,  p3. 

machines,  Portable.  §48.  p8. 

Materials  used  in  brass.  §54.  p2. 

plowshares.  Machine  for.  §48.  p30. 

Sand  for  brass.  §54.  p2. 
Molds,  Slackenings  and  partings  for  brass. 
§54.  P2. 

Comparison  of  iron  and  brass.  §54.  pi. 

Drying  brass.  §54,  p4. 

for  brass  castings.  Making.  §54.  p4. 

for  malleable  castings.  Preparation  of.  §53 
p26. 

Gating  and  feeding  brass.  §54.  p5. 

Lycopode  for  brass.  §.r>  t 

Mixing  facings  for  brass.  §54.  p4. 

Venting  brass,  §54.  p4. 
Moon,  §63.  p!8. 

Motor-operated  hoists.  §63.  p!2. 
Muffle,  §59.  p2. 

or  tube.  Method  of  using.  §50.  p3 
Muffles  for  case-hardening.  |flO.  o30. 
Muriatic  acid.  §63.  p32. 


Names  of  welds.  §57.  p». 

Natural  gas  as  furnace  fud.  |52.  pI7 

Nature  and  composition  of  cast  iron.  §47 
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wrought  Iron,  §57,  j>3. 
of  high-speed  tool  steels.  §58,  p29. 
Nickel  sted.  |00.  p7. 
Nitrogen.  §61'. 


Object  of  welding.  §57.  p27. 

Oil  as  a  hardening  bath.  §59.  p6. 

as  fuel  for  open-hearth  furnace.  §52.  p!8. 

baths.  |59.  p43. 

haths  for  hardening  high-speed  steel.  J59 
p30. 

burning  brass  furnace.  §54.  • 

burning  equipment  for  annealing  oven,  §53. 
p!5. 

heated  annealing  furnace.  §60.  p!2. 

Linseed.  §59.  p!6. 

or  gas.  Advantages  of.  for  fuels.  §59.  p3. 

tempering.  §59.  p8;  §60.  p!3. 

tempering  furnace.  §59,  p39. 

treating.  §6<> 

treatment  of  low-carbon  steel.  §60. 

treatment  of  small  woi 

Use  of.  for  tempering  drills. 

:c.  §56.  p!6. 

hearth  furnace.  §57.  p3;  §6<> 

hearth  furnace.  Oil  as  t 

hearth  furnace.  Operation  of.  (57.  p4. 

hearth  furnace.  Producer  gas  as  fuel  for, 

hearth  furnace.  Tilting.  §52,  p!6. 

hearth  furnaces.  Fuel  for.  §52,  p!7. 

hearth  melting  process   §.VJ.  -,  l. 

hearth  mixture  for  malleable  castings,  §51, 
P13. 

hearth  process  of  making  steel,  §60,  p4. 

hearth  steel  for  tools.  §59.  p29. 
Operation  of  brazing.  §63.  p39. 
Ore,  Iron.  §57,  pi. 
Ores.  Impurities  in,  §57,  pi. 

Lean.  §.17. 

Outside  calipers,  |fir, 
Oven-annealing  furnace,  §59.  p34. 

l>19. 
Coal-dust-burning  equipment  for  annealing. 


Distihatafa 


§.13. 


§53.  plo. 
Gas-burning  equip 


for  annealing.  §53. 


,,14. 


Oil  burning  equipment  for  annealing.  §53, 

p!5. 

Pnxlucer-gas-baming   equipment    for    an- 
163 

i.  f53.  p8. 

t.  §53.  p!9. 
Cor*.  |60,  P18. 


:ig  annealing.  §53.  p20. 

Heating  annealing.  §53.  p!2. 
Overhead  exhaust  system,  §56.  p9. 
Oxidat  :ig  brass.  §54.  p20. 

of  iron,  §57.  p27. 
Oxide  of  copper,  §63,  p44. 

Oxygen.  SSL'. 


Pack  hardening.  §5'.' 

Packing  mat<  aling  pots,  1 

materials  for  case  hardening 

materials  for  malleable  castings,  §53,  p4. 

Parting  material  for  bra 
Patterns.  Machines  for  drawim 

Match  plates  wi; 

Match  plates  with  ren 
Peel  for  chaos- 

;>ze.  §54,  pp. 

tin.  §03.  ; 
Phosphorus.  Characteristics  of.  §54.  p36. 

in  i-okf,  §.r)i. 

in  malleable  iron.  §.r>l 

Physical  changes  produced  in  annealing  mal- 

properties  of  malleabl<-  r.    '...  {.". l. 
Pickling  bras' 

sohiti   ii.  I  i.r>0.  p41. 

solvit  ,i39. 

\  of  steeling,  §58,  p27. 

- -akera.  §49,  p48. 

Pill  heat  mixture.  §.11.  p!7. 

r  flasks.  |50. 

.:  brass.  §63.  p45. 
§63,  p4£. 

ved.  §48.  p29. 
.:.  §60.  p6. 
Plane  irons.  §59.  ; 

§.19.  p21. 

;  .52. 

p22. 

Rolling.  §r, 
Plowshares.  M  ng,  §4«.  p30. 
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Plug  and  feather  drill,  §58,  p23. 
Pneumatic  chipping  hammer,  §50,  p28. 

forging  machine,  §62,  p34. 

hoist.  §63,  pl5. 

power  molding  machine,  §48,  pl3. 

rammers,  §48,  pi. 

rammers,  Pressure  of  air  for,  §48,  pi. 

sifter,  §49,  p34. 
Point  of  recalescence,  §59,  p2. 
Points  of  carbon,  §58,  p4. 
Poker,  §56,  p!6. 
Poppets,  §62,  p!6. 
Portable  forges,  §56,  p!2. 

molding  machines,  §48,  p8. 
Porter  bars,  §61,  p21. 
Ports  of  regenerative  furnace,  Repairing,  §52 

p9. 

Position  of  work  on  anvil,  §57,  p6. 
Positive  rotary  blower,  §56,  p8. 
Pot  mixture  for  annealing  pots,  §51,  p!6. 
Potash,  Use  of,  in  case  hardening,  §60,  p29. 
Potassium  cyanide,  §60,  p!7. 

cyanide,  Use  of,  for  case-hardening  tools, 

§60,  p!8. 
Pots,  Annealing,  §53,  p6. 

Covering  of  annealing,  §53,  p7. 

for  case  hardening,  §60,  p26. 

Life  of  annealing,  §53,  p8. 

Packing  annealing,  §53,  p6. 

Preparation  of  packing  material  for,  §53 
p24. 

Shaking  out  annealing,  §53,  p23. 
Pouring  iron  for  malleable  casting,  §52,  p28. 
Power  hack  saw.  §56,  p38. 

hammer.  Definition  of,  §61,  pi. 

hammer  work,  §61,  p9. 

hammers,  §61,  pi. 

Practical  examples  of  forging,  §57.  p46. 
Precautions  in  forging  steel,  §61,  p30. 

in  upsetting,  §57,  p!5. 
Preparing  specimen  piece,  §58,  p6. 
Presses,  §62,  pi. 

and  punches,  §62,  p29. 

Horizontal,  §62,  p31. 

Inclined,  §62,  p30. 
Press,  Hydraulic  forging,  §61,  p31. 

Steam  drop,  §62,  p!8. 

Strap  and  pulley  drop,  §62,  p!6. 
Pressure  of  air  used  in  pneumatic  rammers, 

§48,  pi. 
Principles  and  application  of  case  hardening. 

§60.  p!5. 
Pritchel  hole,  §56,  p!8. 

hole,  Use  of,  in  bending  iron,  §57,  p9. 
Producer  gas.  Amount  of,  from  one  ton  of 
coal,  §52,  p24. 

Gas,  and  its  connections,  §52,  p21. 


Producer— (Continued) 

gas  as  furnace  fuel.  |S2.  P20. 

gas-burning  equipment  fur  --— fr-g  ovw. 
163,  p!7. 

gas.  Composition  of,  |62.  p20 
ProducinK   temper  colon  on   ca*  h*rdrm4 

work.  |60. 
Production  of  blast,  §86,  p6. 

of  hard  spots  in  work,  fflO.  p23. 

of  soft  spots  in  case-hardenina   work.   MO 

P22. 

Proper  weight  of  hammer,  |«l 
Properti 

Prusdate  of  potash,  Jtw. 
Puii.ilrr\  rabble,  J   I 
Pn.l.ll.-  s.ulr  :   :   packinx  malleable  ~-"-ft 

§53. 

Puddling,  Hand.  |57,  p3. 
,  machines,  §57,  p4. 

Mechanical.  §57,  p4. 

process.  §57,  p3. 

Punch,  Center  or  prick,  §60,  p35. 
Punches,  §56,  p24. 

Steel  for,  §59.  p28. 
Pyrometer,  Le  Chatelier,  §53.  p21. 

Siemens  water,  §53.  p21. 

Use  of,  in  annealing  oven.  §53,  p21. 
Pyrometers,  §59.  p44. 


Rabble.  §57,  p4. 

Rabbles.  Broad-bladed.  §57.  p4. 

Rabbling.  §60.  p5. 

a  charge  of  malleable  iron,  §51.  p30. 

bars.  §51.  p30. 
Racks,  Core.  §50.  p!7. 
Rammers,  Pneumatic.  §48,  pi. 
Ramming,  §57,  p!4. 
Razor  temper,  §58.  p4. 
Reamers  and  taps,  §59.  p9. 

and  taps.  Straightening.  160.  p!4. 

and  taps.  Tempering  of.  |59.  p!4. 

Steel  for.  §59.  p28. 
Recalescence.  §59.  p2;  §60.  pg. 
Reciprocating  conveyers,  §49.  p30. 
Recognizing  steel,  |58,  p33. 
Reducing  fire,  §57.  p28. 
Regenerative  chambers  for  mdtii 
§52,  pi. 

furnace.  Gas  valves  for.  §52.  p3. 

furnace.  Repairing.  §52.  pfl 
Reheating  furnace.  §53.  pS4. 
Reins.  §56.  p26. 
Relative  advantage*  of  handling  dtvkn.  W 

p!5. 

Resilience  of  malleable  iron.  §51.  p3 
Resin,  §63,  p32. 
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Reain— (Continued) 

Uw  of.  in  muffle.  {50.  p3. 

Uw  of.  in  tubing.  |63.  p45. 

Uw  of,  on  copper  bit.  |63.  p33. 
Reverbermtory  furnace.  |» 

furnace.  Double- decked.  §63.  p8. 

furnace.  Uw  of  waste  heat  from.  §63.  p7. 
Reverse  shaft.  Locomotive.  §57 

•haft.  Method  of  forging,  §57.  p47. 
Rich  ore*.  f57 
Rifle  barrels.  Rolling,  |G- 
Ring  hook.  Method  of  making.  §57.  p37. 

Length  of  stock  for,  §57.  p37. 
.:.  §63.  p!6. 

machines.  §63.  p!7. 
Rocker- arm.  Method  of   forging,  §57.  pp46, 

Rolling  bars.  §62.  p2. 
Crow.  |62.  p6. 
Graded.  §62.  p5. 
operations.  §62,  p2. 
plates.  |62.  p4. 
rifle  barrels.  §62.  p7. 
Screw-thread.  §62.  p9. 
Special  graded.  §62,  p8. 
with  dies.  §62.  p5. 

Bending,  §62.  pi  1. 
hing.  §62,  P12. 

Three-high.  §62,  p2. 
Rope-lift  hammer.  §62.  ; 
Rosin  grinder.  §50. 
Rotary  blower,  §5<> 

fan.  §56.  p5. 

Rough  welding,  §61.  p29. 
Roughing.  §61,  p29. 
Round  drawing,  §67.  p7. 
Rubber-belt  conveyer.  |4(». 

cushioned  helve  hammer.  §61 
Rudder  frame,  Method  of  forging,  §57 


Safety  valves  in  blast  pipes.  §56.  5  M 
Sal  ammoniac,  §63.  p32. 

ammoniac.  Uw  of.  on  copper  bit,  §63.  p33 
Salgee  antifriction  metal,  §54,  p35. 
Salt  solutions,  §59.  p6. 
Sand  blast  for  cleaning   castings.  §50.  p41; 

blast.  Helmet  for,  operator,  §50,  p43. 

blast  tumbling  barrels.  §50.  p43. 

conveyers.  §40,  p20. 

elevator*.  §49.  p40. 

for  brass  work.  §54,  p2. 

mixers.  §49.  p3A. 

sifters.  §49.  p32. 

Umper-drawing  furnace,  §50.  p37. 


Sand— (Continued) 

'.  n30. 

Use  .-  steel.  §60,  p36. 

Us*  §59.  p37. 

Saw- file  temper.  §> 

Gat. 
Saws,  Band,  for  metal.  §50,  p33. 

for  metal.  §59.  ; 

Hack.  §56,  p36. 
Scarf  welding.  §57,  p29. 
.  §57,  p29. 

welds  .  p33. 

Scrap.  Annealed.  §51.  j.ll. 

Malleable-  iron.  {.11.  -II 
metal  for  brass  and  bronze  castings.  §54. 
p37. 

§51.  pll. 

Screw-thread  rolling.  §f»2,  p9. 
Scritx 

Seconii  ,  §62,  p32. 

Sele(  t  5.1 '.».  P28. 

Self-ha  P29. 

Separators,  M  •   p36. 

Set  hammers.  §56. 
temper.  §5s 

•'.  p!8. 

Shaft  ,34. 

Forging,  in  pair 

Forgim:  law  in.n.  §('1.  p29. 
ShanV.  •    p20. 

mills.  Hc.itiiiK.  hardening,  and  tempering 

§59,  p!9. 
Shear  of  blades,  §62,  p28. 

steel.  §5s. 

:.  §63,  p52. 

ShinKlc  slab.  §(H. 

i  .28. 

ShrinkaKo  of  mail*-.. 

Shrink<  illcablc  cast- 

wat<  :.  §53.  p21. 

pM, 

:.    in   charcoal    iron,    §51, 
pO 

in  malleable  iron.  §51,  p4. 
Uw  of.  in  alloys.  §54.  p22. 
Silver  solder,  §63.  -. 
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Single  calipers,  556,  p31. 

frame  hammers.  §61,  p!5. 
Skimming  tools,  §51,  p28. 
Slab.  §61.  p28. 

Shingle,  §61,  p28. 
Slag,  §57.  P2. 

Skimming  of,  for  malleable  furnace,   §51, 

p28. 

Slate  pencils,  §56,  p33. 
Sledge.  Hand.  §56,  p!9. 

Swing,  §56,  p!9. 
Sledges,  Weights  of.  §56.  p20. 
Slip-joint,  §63,  p41. 
Small  coke  furnace,  §63,  pi. 

work,  Hardening,  §60,  p20. 

work,  Oil  treatment  of,  §60,  p!4. 
Snap  flasks,  §50,  p!2. 
Soaking,  §58,  p9. 
Soapstone  pencil,  §56,  p33. 

Use  of,  for  marking  hot  work,  §57,  p7. 
Soft  coal,  §56,  p!3. 

solder,  §63,  p30. 

tumbling,  §53,  p24. 
Solder,  §63,  P30. 

Composition  of,  for  aluminum,  §63,  p35. 

for  band  saws,  §63,  p44. 

for  tempered  steel,  §63,  p43. 

Half-and-half,  §63,  p30. 

Hard,  §63,  p30. 

Silver,  §63,  p37. 

Soft,  §63,  p30. 
Soldering,  §63,  p30. 

aluminum,  §63,  p35. 

Definition  of,  §63,  p30. 

Equipment  for,  §63,  p30. 

fluid  and  fluxes,  §63,  p31. 

iron,  §63,  p30. 

sweating  and  brazing,  §63,  p30. 
Solid  foundations,  §62,  p24. 
Special  applications  of  electric  welding,  §63, 
P24. 

device  for  quenching  work,  §60,  p33. 

forging  equipment,  §63,  pi. 

forging  operations,  §63,  pi. 

furnaces    for    hardening    and    tempering, 
§59,  P32. 

graded  rolling,  §62,  p8. 

hardening  tank,  §59,  p!2. 

hardie  for  stone  drills,   §58,  p22. 

heating  furnace  for  high  temperature,  §63, 
plO. 

tool  dressing,  §58.  p20. 

swages,  §58,  p20. 
Specimen  piece,  §58,  p6. 

piece,  Hardening,  §58,  p7. 

piece,  Preparation  of,  §58,  p6. 
Spelter,  §63,  P30. 
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Competition  of.  |«3.  p87. 

for  brazing  cMt  iron.  |«3,  p44. 

Selection  of.  563.  p40. 

Use  of.  in  brazing.  5«3.  p37. 
Spindle  temper,  |S8.  p4. 
Spiral  springs,  |59,  p28. 
Spoons.  Rolling.  |82.  p6. 
Spout  of  a  malleable  furnace.  |5I.  pM. 
Spring.  Forging  a,  §58,  p24. 

Hardening  and  tempering  a.  |M.  p24 

Testing  a.  |58.  p25. 
Springs.  §59,  p25. 

Annealing  steel  for,  §59.  p26. 

Coiled.  §59.  p27. 
Sprinkler.  §56.  p!8. 
Sprue  cutter,  §50,  p32. 
Sprues.  §51.  pll. 
Square  drawing.  §57,  p8. 

headed  bolt.  |57,  p!6. 
Squeezer,  §62,  p2. 
Staff.  §61.P27. 
Staple,  Forging  a,  §57,  plO. 
Star  castings  for  tumbling  barrels.  550.  pJ4. 
Stationary  forges,  §56.  pi. 
Steam  drop  hammer.  §61.  p!4;  |62.  p!7. 

drop  press.  §62.  p!8. 

forging  hammer,  §61,  ppll.  12. 

hammer.  Definition  of,  |61,  pi. 

hammer  valves,  561.  p!2. 

hammers,  §61,  plO. 

helve  hammers,  §61,  plO. 
Steel,  Annealing  low-carbon.  §60.  pO. 

Bessemer  process,  |60,  p2. 

Blister.  §58.  pi. 

Bluing  polished.  |60.  p36. 

Brazing  tempered.  563.  p42. 

Breaking.  558.  p36. 

Burning  of,  558,  p26. 

Carbon.  558,  pi. 

Cast.  §58,  p2. 

casting.  §58,  p3. 

castings.  Iron  flasks  for.  §60.  p2. 

Cooling.  538.  p27. 

Crucible.  558.  pi. 

Double-shear.  §58.  p2. 

Effect  of  carbon  on.  |58.  p26:  §60.  pi. 

Effect   of    heating    low-carbon.  |S8.  nJ6 
660.  p8. 

Effect  of  repeated  heating  on.  |«3.  p2». 

facing.  558.  p28. 

Fluid  compression  of,  |«0,  p7. 

for  dies.  559,  p38. 

for  punches.  559.  p28. 

for  reamers.  559  p28. 

for  taps.  559.  p28. 

for  turning  chilled  iron.  559.  pit. 
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Porting  high-carbon.  §61.  p36. 

Forging  low-carbon.  |6l.  p30. 

forging*.  Annealing.  §60.  pll. 

Heating  furnace  for  high-speed.  §58.  p32. 

Manufacture  of  low-carbon.  |60.  pi. 

manufacture,  temper,  and  treatment.  §58. 

pi. 

Merchant.  |60.  pi. 
Methods  of  recognising.  §58.  p33. 
Nickel.  |60.  p7. 

Oil  treatment  of  low-carbon,  f60.  p!3. 
Open-hearth  process.  §60.  p4. 
Precautions  in  forging.  §61.  p30. 
Properties  of  low-carbon.  |60.  pi. 
scrap.  |51.  pll. 
Selection  of.  §59,  P28. 
r.  §68.  pi. 

r.  |58.  P2. 
Temper  of.  |58.  p4. 
Temperatures  for  treating.  §60.  p!5. 
Tempering  and  annealing  low-carbon.  |60. 

P14. 

Thermit.  |63.  p27. 
Tool.  §58.  pi. 
Use  of  Bessemer  or  open-hearth,  for  tools, 

|59.  p29. 

Welding.  |61.  p30. 
Welding,  to  iron.  |61.  p34. 
wire  brushes.  §50.  p30. 
Steeling,  |58.  p27. 

*  point.  §58.  p27. 
Steels.  Air-hardening.  |58.  p29. 
Alloy.i58.pl. 
Carbon.  |59,  pi. 
Comparison  of  Bessemer  and  open-hearth 

|«0,po. 

Cooling  high-speed.  158.  p31. 
Definitions  of.  |.^ 
Porging  high-speed.  f58.  p30. 
.-h-speed.  |58.  p32. 
Heating  high-carbon  steels  in  charcoal.  §59. 

p4. 

High-carbon.  §5.- 
Low-carbon.  §59.  pi. 
OfT-heats  of.  |59.  p29. 
Self  1  .  s.  p29. 

|  high  speed.  §58,  p30. 

Tool.  §58.  pi;  §5'.' 

Stock.  Allowance  of.  for  welds.  {03,  p48. 

Estimation  of,  §«3.  p47. 

for  boits,  157.  p20. 

yard  for  foundry.  |49,  pll. 
Slocks.  |01,  p21. 
Stone  chisel.  |58.  p20. 

drills.  Dreering,  §58.  p28. 

drills.  Special  hardie  for,  |58,  p22. 


Stool  for  annealing  pots,  §53.  pft. 
Storage  of  malleable  castings.  |53,  p30. 

•  draft  furna, 

peen  hammers.  |56.  p!9. 
Strap  and  pulley  drop  press.  §61? 

hammers.  }<  • 

.  p43. 

lift  hammer.  §62.  pi 5. 
Straps,  Methods  of  forging.  |57.  p20. 

«- plate  molding  machine.  f48,  plO. 
Structural  shapes,  Method  of  bending.  163, 

pfll. 

Sulphuric  a<  U  .  §50.  p39. 

Sulphur  in  coke,  §.r)fi.  pl.'l. 

in  malleable  ir.m.  §51,  p6. 

Ob-  fuel.  §56.  p!3. 

Presence  of.  in  fuels.  §59.  p2. 
Support  of  tubing  v  mg  bent.  §63 

p45. 
Surface  gauge,  {56,  p29. 

plate,  |56.  p28. 

plate.  Erection  of,  |56,  p29. 
Swage,  §56.  : 

block 

bottom.  §5»> 

for  chisel  heads.  {58.  ; 
Swages.  §61.  p23. 

Special.  |5s 

with  handles,  §61 

Sweating.  §58.  p31 ;  §63.  pp30.  36. 
Swing  sledge,  §56. 


T-headed  planer  In. It.  §57,  p!8. 
T-plate.  Method  of  making.  §57.  p35. 
Tallow.  §63.  p32. 
Tank  !  |  tools.  |59.  p!2. 

Taj*-.   Mrasnnm-.  §.".»',    j.^fi 
Tapered  mandrel,  §56.  p28. 
Tappn  illeable  cast i- 

spouts  of  a  furnace,  Arran^i 

Taps  and  reamers.  $ 

and  reamers.  Cooling  baths  : 

and  rean 

and  reamers.  T- 

Steel  for,  §59.  i 

heat   treatment  process,   §59. 

Telltale.  §59 

Telltales  or  indicators,  §60.  p24. 

..  §49.  p29. 

Temperature  for  bra  ? in K.  §03.  p40. 
Temperatures  com- 

§58 
corresponding  to  various  colors,  §63.  p49. 
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Temperatures — (Continued) 

for  treating  steel,  §60,  p!5. 
Temper,  Carbon,  §51,  ppl,  8. 

Chisel,  §58,  p4. 

color  chart,  §58,  p8. 

colors,  §58,  p7;  §59,  p8. 

colors    and    corresponding     temperatures, 
Table,  §58,  p9. 

colors,  Temperatures  corresponding  to,  §58, 
p8. 

Die,  §58,  p5. 

Meaning  of,  §58,  p4. 

Measurement  of,  in  annealing  oven,   §53, 
p21. 

Method  of  drawing,  §58,  p7. 

of  tool  steel,  §58,  p4. 

Razor,  §58,  p4. 

Saw-file,  §58.  p4. 

Set,  §58,  p5. 

Spindle,  §58,  p4. 

Tool.  §58,  p4. 
Tempering  boring  tool,  §58,  p20. 

by  color,  §59,  p8. 

circular  saws,  §59,  p23. 

cold  chisel,  §58.  p!2. 

Definition  of,  §58,  pp4,  6. 

dies,  Method  of,  §59,  p25. 

drills,  §59,  p!6. 

high-speed  steel,  §59,  p31. 

high-speed  tool  steels,  §58,  p30. 

in  oil.  §59,  p8. 

large  spiral  springs,  §59,  p28. 

large  springs,  §59,  p26. 

milling  cutters,  §59,  p!9. 

of  taps  and  reamers,  §59,  p!4. 

plane  irons,  §59,  p21. 

side  tool,  §58,  p!8. 

small  springs,  §59,  p27. 
Tensile  strength  of  malleable  iron,  §51,  pi. 
Test  plug,  §51,  pp27,  28. 
Testing  a  spring,  §58,  p25. 
Theory  of  case  hardening,  §60,  p!5. 

of  electric  welding,  §63,  p23. 
Thermit,  §60,  p7;  §63.  p26. 

steel,  §63,  p27. 

Use  of  heat  from,  §63,  p28. 

welding,  §63,  p26. 

welds,  Molds  for,  §63,  p28. 
Thermometer,  Use  of,  in  oil  baths,  §59,  p!7. 

Use  of,  in  tumbling-barrel  furnace,  §59,  p35. 
Three-high  rolls,  §62,  p2. 
Tilting  open-hearth  furnace,  §52,  p!6. 
Tin,  §63,  p35. 

and  copper  alloys,  §54,  p25. 

bath,  §59,  p7. 

Block,  §54,  p26. 

Grain,  §54,  p26. 


Tinning  |6.'< 

a  copper  bit.  §«3,  p3S. 

iron.  §o:i. 

Tip  of  mandrel.  |M.  p28. 
Tire  wheel.  §56.  p32. 
Tongs.  §56.  p26. 

Bolt.  §56.  p27. 

Care  of.  §56.  p28. 

Coupler  for.  §66.  p2«. 

Crucible.  §64.  p!8. 

Flat.  §56.  p27. 

Gad.  §56.  p27. 

Jaws  of.  |56.  p26. 

Method  of  making.  §57.  p41. 

Parts  of.  §56.  p26. 

Pick-up.  §56.  p27. 

Reins  of.  §56.  p26. 
.  V-shaped,  §56.  p27. 
Tool  dresser's  forge,  §69,  p39. 

dressing,  §58.  pi. 

for  patching  furnace  bottom.  §52.  p7. 

Hammer.  §61.  p21. 

Heading.  §56.  P25. 

room  forge,  §59,  p33. 

steel.  §58,  pi. 

steel.  Methods  of  working.  |58,  p6. 

steels,  §58.  pi;  §50.  pi. 

steels.  High-speed,  |58.  p29. 

temper,  §58,  p4. 
Tools  and  supplies  for  brazing.  f63.  p38. 

Anvil.  §56.  p25. 

Skimming.  §51.  p28. 

Torches,  Portable  gamine-fired.  |63,  p3l. 
Traveler.  §56.  p32. 
Traveling  crane.  §63.  pi 4. 

crane.  Use  of.  for  charging  annealing  OVWM. 
§53.  p33. 

cranes,  §49.  p!6. 
Traverse  wheel.  §56.  p32. 
Tray  for  oil  treating  steel.  §80.  pi 5. 
Treatment  of  low-carbon  sted.  |<JO.  pi. 
Trip  hammers.  §61.  pi. 
Trolley  system.  §63.  p!2. 

systems.  §49.  p24. 
Truck.  Charging.  §53.  p!9. 
Trucks  for  core  ovens.  §50.  p21. 
Tube  or  muffle  in  forge,  §69.  p2. 
Tubing.  Bending.  §63.  p45. 

Materials  for  filling.  wh«-n  bending.  |M.  ptt. 
Tumbling-barrel  furnace.  |5».  p3S. 

barrels,  §50.  p33;  §52.  p30. 

barrels.  Exhaust.  §80.  pM;  |51.p»l. 

barrels  for  bras*  carting*.  V>* 

barrels.  Oblique.  §50.  p37. 

barreU.  Sand-blast .  §80.  ptt. 

barrels.  Star  canting*  for.  §50.  pM. 

barrels,  Water,  |W.  pW. 
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Tumbling— (Continued) 
hard  casting*.  §52.  p20. 

•oft  castings.  |53 

Turning  tool  for  marble.  |58.  p23. 
Tuyere.  Definition  of.  |5« 

Tweeters.  Method  of  brazing.  §63.  p42. 
Twist  drills.  |59.  • 

Defr  7.  p5. 

the  hook 

Types  of  brazed  joints.  |63.  p41. 
of  hammer  frames.  §61.  pi 5. 

U 

Use  of  old  bone.  §r-' 

of  thermit  to  prevent  piping.  |60.  p7. 
Useful  tables.  |63.  p40. 
Upright  helve  hammer.  |61,  p5. 
Upsetting.  (67.  p!4. 

Defif 

Precautions  in.  §57.  p!5. 

with  a  hammer.  |57.  pi 4. 


V  shaped  tongs.  §5*. 
Valve.  1< 

yoke.  Locomotive.  J57.  p50. 

Method  of  forging.  557.  p50. 
Valve*.  Siemens.  §:.. 

mi  hammer.  §01.  p!2. 
.Uion.  |56.  p!2. 
undries.  §49.  p4. 
•..:  brass  molds.  §54.  p4. 
Vertical  press  or  punch.  |62.  p29. 

shear.  §62 

Vibrator  for  molding  machine.  §48.  pi 4. 
Vise.  Anvil.  §56.  p30. 

h,  |56.  p30. 
jaws.  |56.  ; 
Leg.  156.  p30. 
Volts.  |63,  p22. 

W 

Wabblcr  heads.  §62.  P2. 

Water  and  brine  baths.  §69.  p42. 

annealing.  §59,  pfi. 

bosh.  |51.  p29. 

for  hardening.  |59.  p6. 

gauge.  |5» 

trough.  |56.  pi . 

Weight,  volume,  and  measure  of.  §63.  f>68. 
Weight  of  a  lineal  foot  of  flat  bar  iron.  |63. 
p51. 

of  anvils.  |M.  pig. 

of  sheet  and  plate  iron.  |63.  p52. 


Weigh  t-(Oon  tinned) 
of  square  and  round  wrought  iron,  f  A3.  p5A 

c.  and  measure  of  water,  |63.  p53. 
Weights  of  hammers  and  sledge*.  |56.  P2O. 

.rkms  metals  in  ordinary  use.  §63.  p53. 

Advantat-. 

anglt 

Apparatus  •  u  .  §63.  p23. 

governing.  §57,  p27. 
Definition  <.f.  5.r>7.  06. 

flat  iron  hoops,  §63.  ;  I 

Obi- 

pipt 

b,  |61.  p29. 

.  |63.  p24. 
steel.  {(>!. 

steel  t.>  iron.  jfil.  p35. 
Thert! 

tool  steel.  |58,  p25. 
up  scrap.  §61.  p27. 
Welds.  Hutt.  §57.  p29. 
Cla  5.r>7.  p29. 

Jum; 

Lap.  §57.  P29. 

Names  of.  §57.  r29. 

White  iron.  §.M.  j.l. 

lead,  for  markinR.  §56,  p34. 

Wind  t 

Work  i:  .  p43. 

invol 

•  <• 

.ichinc.  §02.  pi. 
tool  si 

Wrench.  Method  of  • 

Wrought  iron.  Effect  of  careless  heating  of 
§57.  nS. 

i-neated  heating  on.  §63 
p25. 

r,  p5. 

Manufacture  of.  $."•. 
Nature  and  composition  of.  '. 
Weight  of  square  and  round.  §63,  p50 


<.p32. 

per,  §54.  p30. 

and  copper  alloys,  §54,  p28. 
Characteristics  of.  §54.  p28. 
White,  for  marking.  §56.  p34. 


